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l-—Studies in Ring Formation. Part II. The 
Action of Aromatic Amines on Acetylacetone and 
Benzoylacetone. 
By Eustace EBenezerR TURNER. 


Some time ago (T., 1915, 107, 1497) it was shown that benzidine 
reacts with acetylacetone to give diacetylisopropylidenebenzidine ; 
it is now found that benzoylacetone behaves similarly, giving 
dibenzoylisopropylidenebenzidine, (*CgH,N:-CMe-*CH,Bz),. 

Benzoylacetone condenses readily with a- and B-naphthylamines, 
p-bromoaniline, and 2:6-dimethoxyaniline to form monoanils, but 
diphenylamine is without action, probably for steric reasons. 

When acetylacetone is heated with aniline (1 mol.) the monoanil 
is formed; this, on warming with concentrated sulphuric acid, is 
converted into 2:4-dimethylquinoline (Combes, Bull. Soc. chim., 
1888, [ii], 49, 89), and therefore has the constitution 

NPh:CMe-CH,Ac. 
Prolonged heating of acetylacetone with a large excess of aniline 
does not cause the formation of the dianil, but of acetanilide, by a 
disruptive process. 

Similarly, diacetylisopropylidenebenzidine seems to be unacted 
on by boiling aniline. 

Benzoylacetone behaves similarly to acetylacetone. When it is 
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heated with a molecular proportion of aniline, anil-formation occurs 
at the carbonyl group adjacent to the methyl group, as is shown by 
the conversion of the product into 4-phenyl-2-methylquinoline 
(Beyer, Ber., 1887, 20, 1770, 2180) ; whilst when an excess of aniline 
is used, no further change occurs, even of a disruptive nature, as in 
the case of acetylacetone. 

Under the conditions employed, therefore, B-diketones seem to 
behave very differently from a-diketones. Thus dimethyl diketone 
readily forms a dianil (v. Pechmann, Ber., 1888, 21, 1415), and 
although benzil only forms the analogous compound with great diff- 
culty (Siegfeld, Ber., 1892, 25, 2601), it condenses readily with o-di- 
amines. It is important to observe that carbamide condenses with 
acetyl- and benzoyl-acetone at both carbonyl groups in each case 
(Evans, J. pr. Chem., 1894, [ii], 45, 489; de Haan, Rec. trav. chim., 
1908, 27, 162). 

A comparison of these facts with those obtained by Posner (Ber., 
1900, 33, 2983) in studying the action of mercaptans on diketones 
is interesting; it seems apparent that the mechanism of the pro- 
cesses occurring in each of the three reactions between, say, benzoyl- 
acetone and mercaptan, aniline and semicarbazide, is quite a dis 
tinct one in each case, depending on more factors than have been 
considered so far. At this stage, however, the development of a 
hypothesis would be premature. 

These results, although unfortunately very incomplete, remove 
the difficulty referred to in the previous paper (Joc. cit.), and raise 
points which the author hopes to examine when experimental work 
can be resumed. 


EXPERIMENTAL. 
Action of Excess of Aniline on Acetylacetone. 


Five grams of acetylacetone and 25 grams of aniline were boiled 
together for fifteen hours under reflux. The product was submitted 
to distillation under diminished pressure, when 4 grams of acet- 
anilide were obtained (m. p. 115°. Found, C=71:5; H=6°66; 
N=10°5. Cale., C=71'1; H=667; N=10°4 per cent.). 


A cetylacetone-2 : 6-dimethoxyanilide, C;H,(OMe),N:CMe-CH,Ac. 


2:6-Dimethoxyaniline was heated with a slight excess of acetyl- 
acetone for several hours at 130°, and the product fractionated 
under diminished pressure. The anil so obtained crystallises from 
alcohol in colourless needles melting at 70—71° (uncorr.) : 


0°2047 gave 10°6 c.c. N, (moist) at 22° and 768 mm. N=5'96. 
C,;H,,0,N requires N=5'9 per cent. 


curs 
n by 
oline 
iline 
us in 


n to 
tone 
and 
diffi- 
o-di- 
with 
case 


TURNER: STUDIES IN RING FORMATION. PART It. 


Action of Aniline on Diacetylisopropylidenebenzidine. 


The latter substance was heated under reflux with an excess of 
aniline for several hours, at the end of which time it was 
recovered unchanged (m. p. 196—198°). 


Action of Aniline on Benzoylacetone. 


Benzoylacetone was treated similarly to acetylacetone (above), ° 
when a crystalline product melting at 110° was obtained ; this was 
Beyer’s monoanil (loc. cit.). 


Benzoylacetone-a-naphthalide, C,j)H;-N:CMe-CH,Bz. 


0:72 Gram of a-naphthylamine and 0°81 gram of benzoylacetone 
were dissolved in 5 c.c. of xylene, and the solution was heated under 
reflux for six hours in an oil-bath kept at 150°. On distilling off 
the xylene, a pale yellow residue was obtained, which crystallised 
from alcohol in pale yellow needles or prisms melting at 126° 
(uncorr.) : 

0°1383 gave 0°4257 CO, and 0°0757 H,O. C=83'9; H=6°08. 

C.9H,;ON requires C=83°6; H=5°92 per cent. 


Benzoylacetone-B-naphthalide. 


B-Naphthylamine was condensed with benzoylacetone in the 
manner just described for a-naphthylamine. Brown crystals were 
obtained, which separated from alcohol in lemon-yellow plates melt- 
ing at 151° (uncorr.) : 

0°1291 gave 0°3951 CO, and 0°0700 H,O. C=83'5; H=6°07. 

01134 ,, 5:1 e.c. Ny (moist) at 19° and 766 mm. N=52. 

Cy 5H,,ON requires C=83°6; H=5°92; N=4°9 per cent. 


Action of Diphenylamine on Benzoylacetone. 


The two substances were heated in equivalent amounts for several 
hours at 150°. The amine was then separated and recovered almost 
quantitatively. 


Benzoylacetone-p-bromoanilide, CgH,Br>N:CMe-CH,Bz. 


08 Gram of benzoylacetone, 0°8 gram of p»bromoaniline, and 
5e.c. of xylene were heated together in an oil-bath kept at 170° for 
six hours. The xylene was distilled off, and the residue crystallised 
from alcohol ; plates melting at 125° (uncorr.) were obtained : 

0°1679 gave 0°1009 AgBr. Br=25°4. 

C,¢H,,ONBr requires Br=25°3 per cent. 
B 2 
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Dibenzoylisopropylidenebenzidine, (*CgH,N:CMe-CH,Bz),. 


1°62 Grams of benzidine and 0°92 gram of benzoylacetone were 
dissolved in 5 c.c. of xylene and the solution was heated for six 
hours in a bath at 150°. On distilling off the xylene, a yellow 
residue remained which was crystallised from pyridine: 

0°1467 gave 0°4378 CO, and 0°0800 H,O. C=81'4; H=6°00. 

Cy.H.,0,N,. requires C=81°4; H=5'9 per cent. 

Dibenzoylisopropylidenebenzidine melts at 238—239° (uncorr.), 
and seems to crystallise well only from pyridine or bromobenzene. 
On warming with dilute acid, it is hydrolysed to benzoylacetone and 
benzidine, whilst concentrated sulphuric acid (five hours at 
100—120°) converts it into what is evidently 4 : 4/-dipheny]-2 : 2'-di- 
methyl-6 : 6/-diquinolyl, the solution acquiring the marked blue 
fluorescence characteristic of this class of compound. 


This work was carried out in the laboratory at Huddersfield Tech- 
nical College; some of the analyses were made by Mr. W. W. 
Starling, to whom the author expresses his hearty thanks. 


Srpney Sussex COLLEGE, 
CAMBRIDGE. [Received, December 16th, 1916.] 


1].—The Synthesis of Hydroxyquercetin. 


By Maximilian NIERENSTEIN. 


By the oxidation of quercetin (I) with chromic acid, Nierenstein 
and Wheldale (Ber., 1911, 44, 3487) obtained quercetone (II), 
which yields hydroxyquercetin (III) on simultaneous acetylation 
and reduction and subsequent saponification : 


O OH O O OH 


i ip a,” 
HO/ lon < DoH 
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Hydroxyquercetin is isomeric with gossypetin, quercetagetin, 
and myricetin, but not identical with either of them (compare 
Nierenstein, T., 1915, 107, 869). The synthesis of hydroxy- 
quercetin, which was undertaken with the view of establishing the 
correctness of the above formula, was carried out on the same 
lines as that of quercetin (Kostanecki, Lampe, and Tambor, Ber., 
1904, 37, 1402), and is based on the following scheme of vonibleaits 
which are fully described in the experimental part: 

MeO MeO O OMe 


Meo’ ‘ou ‘i Meo’ \Z }- OMe 


4 ww, i. a 
wy \co-CH:CH- OMe at 
(IV.) 
MeO O OMe 
fast © 
MeO CH—— OMe 
| ONO a 


MeO CO 
(VI.) 

The demethylation of this pentamethoxy-compound yielded 
hydroxyquercetin with the properties previously described (loc. 
cit.). 

EXPERIMENTAL. 


The 1:2:3:5-tetrahydroxybenzene (phentetrol) required for this” 
investigation was prepared according to Oettinger’s method 
(Monatsh., 1895, 16, 248), who seems to have met with difficulties 
in preparing it from picric acid on a large scale. These difficulties 
can apparently be overcome by using the following slight modifi- 
cation of his method. It consists in adding hydrochloric acid 
during the transformation of trihydroxyaniline into tetrahydroxy- 
benzene, and subsequently maintaining the solution strongly acid. 
This modification rendered possible also the preparation of the 
following substances : 

2:3:4:6-Tetrahydroxybenzoic acid, C;H(OH),°CO,H, is prepared 
by the action of potassium hydrogen carbonate on tetrahydroxy- 
benzene, a stream of carbon dioxide being constantly passed through 
the liquid (compare Clibbens and Nierenstein, T., 1915, 107, 1493). 
The acid crystallises from water when slightly acidified with dilute 
sulphuric acid in needles, which melt and evolve carbon dioxide at 
308—310°. At 130—135° the acid loses 1 molecule of water. 
(Found: H,O=9°42. C,H,O,,H,O requires H,O=9°11 per cent.) 
The acid gives all the colour reactions described by Oettinger for 
tetrahydroxybenzene, and also the violet coloration with concen- 
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trated nitric acid described by Kostanecki (Ber., 1885, 18, 3206; 
compare also Dean and Nierenstein, Ber., 1913, 46, 3871) for 
pyrogallolearboxylic acid : 


0°1753 gave 0°2907 CO, and 0°0572 H,O. C=45°23; H=3°66. 
C;H,O, requires C=45°17; H=3'28 per cent. 

The tetra-acetyl derivative, C;H,O,(OAc),, crystallises from 
alcohol in needles melting at 274—276°: 

0°1512 gave 0°2782 CO, and 0°0652 H,O. C=50°17; H=4°'83. 

C,;H,,0,) requires C=50°55; H=4°49 per cent. 

The tetrabenzoyl derivative, C;H,O,(OBz),, which is prepared in 
the usual way, using pyridine as a solvent, crystallises from alcohol 
in long, prismatic needles melting at 248—249°: 


0°1508 gave 0°3926 CO, and 0°0458 H,O. C=70°99; H=3-°40. 
Cy;H.O,) requires C=69°77; H=3°66 per cent. 


Methyl 2:3:4:6-tetramethoxybenzoate, C,H(OMe),"CO,Me, is 
obtained by the action of diazomethane in ethereal solution. It 
crystallises from benzene in silky needles melting at 134—136°: 


0°1214 gave 0°2512 CO, and 0°0672 H,O. C=56°44; H=6°20. 
C\.H,0, requires C=56°25 ; H=6°25 per cent. 
2:3:4:6-Tetramethorybenzoic acid, C;H,O,(OMe),, is obtained 
by hydrolysing the above-mentioned methyl ester. It crystallises 


from a mixture of alcohol and benzene in needles melting at 
184—186°: 


0°1462 gave 0°2918 CO, and 0°0722 H,O. C=54'44; H=5'53. 
C,,H,,0, requires C=54°55; H=5°79 per cent. 

2:3:4:6-Tetramethorybenzoyl chloride, C,H(OMe),°COCI, is 
prepared by warming 2 grams of the acid with a slight molecular 
excess of phosphorus pentachloride, and removing the phosphoryl 
chloride formed at 35—40°/10—12 mm. The residue is dissolved 
in light petroleum and filtered, when the product separates in 
hair-like needles which melt at 104°: 


0°2004 gave 0°1114 AgCl. Cl=13°76. 
C,,H,,0;Cl requires Cl=13°63 per cent. 


2:3:4:6 Tetrahydroxyacetophenone, C,H(OH),COMe. 


Ten grams of 1:2:3:5tetrahydroxybenzene are dissolved in 
freshly distilled glacial acetic acid and heated for fifteen to twenty 
minutes with granulated zinc chloride, which is prepared by pour- 
ing molten zine chloride into s-tetrachloroethane. After cooling, 
the solution is diluted with water and the precipitate crystallised 
from alcohol. Faintly yellow needles melting at 204—205° are 
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obtained from alcohol and also from dilute acetic acid. The yield 
is 84—85 per cent. of the theoretical : 
0°1568* gave 0°2989 CO, and 0°0637 H,O. C=51'98; H=4°54. 
C,H,O; requires C=52°17; H=4°35 per cent. 
The phenylhydrazone, C,H(OH),;CMe:N,Ph, crystallises from 
stetrachloroethane in deep red, prismatic needles melting and 


decomposing at 248—-251°: 
0°1039 gave 9°5 c.c. N, (moist) at 22° and 760 mm. N=10°35. 
C,4H,,O,N, requires N=10°26 per cent. 


2:6-Dihydroxy-3 : 4-dimethoxyacetophenone, 
C;H(OMe),(OH).*COMe. 


To a boiling alcoholic solution of 10 grams of tetrahydroxyaceto- 
phenone saturated for some time with hydrogen 15 grams of methyl 
sulphate and 8°6 grams of sodium hydroxide dissolved in alcohol 
are slowly added, and the mixture is kept boiling for three to four 
hours, hydrogen being passed through all the time. After 
evaporation of the alcohol, steam and hydrogen are passed through, 
when a small quantity of tetramethoxyacetophenone, 

C,H(OMe),°COMe, 
passes over.f (This crystallises from dilute alcohol in colourless, 
silky needles melting at 92—93°. It is best obtained by the action 
of diazomethane on _ tetrahydroxyacetophenone in_ ethereal 
suspension. Found: C=59°63; H=6°94. C,H,,O; requires 
C=59'96; H=6°67 per cent.) On acidification with dilute 
sulphuric acid a precipitate is formed which crystallises from 
dilute alcohol in colourless, silky needles melting at 166—168°. 
The yield is 94 per cent. of the theoretical : 

0°1798 gave 0°3746 CO, and 0°0919 H,O. C=56°73; H=5°72. 
C,)H,,0, requires C=56°56; H=5°65 per cent. 


2-Hydroxy-3 : 4: 6-trimethoxyacetophenone, 
C;H(OMe),(OH)-COMe. 


The reaction is carried out on the same lines as that used by 
Waliaschko (Ber., 1909, 42, 727) for the methylation of quercetin. 
Ten grams of the dry disodium salt of 2: 6-dihydroxy-3 : 4-dimeth- 
oxyacetophenone are triturated in a mortar with 13°7 grams of 
methyl sulphate. After some time evolution of heat occurs, and 


* Dried at 150°. 

+ Mr. H. F. Dean, when working in this laboratory, found that a 
modification on similar lines of Perkin and Weizmann’s method (T., 1906, 89, 
1649) for the preparation of trimethoxygallic acid gives ‘better yields than 
those obtained by them, the increase amounting to about 15.per cent. 
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the product is then allowed to remain in a desiccator for two to 
three days. On acidification, 2-hydroxy-3 : 4 : 6-trimethoxyaceto- 
phenone and_ 6-lydroxy-2 : 3 : 4-trimethoxyacetophenone are 
obtained, which can be separated by fractional crystallisation, the 
former being less readily soluble in alcohol than the latter. 
2-H ydroxy-3 :4 :6-trimethoryacetophenone crystallises from alcohol 
in large cubes which melt at 125—126°. The yield is 95 per cent. 
of the theoretical : 

0°1826 gave 0°3884 CO, and 0°1054 H,O. C=58°01; H=6°95. 

C,,H,,0; requires C=58°41; H=6°19 per cent. 

The constitution of this compound can be regarded as proved, 
since it forms on oxidation with chromic acid in acetic acid solu- 
tion 3:4:6-trimethory-2 : 5-quinoacetophenone, 


MeO O 


Meo come 


O OMe 
This crystallises from glacial acetic acid in red cubes which melt 
and decompose at about 235—238°: 
0°1794 gave 0°3627 CO, and 0°0654 H,O. C=55°10; H=4°06. 
C,,H,.0, requires C=55°00; H=4°88 per cent. 
In order to convert the quinone into the corresponding 
2 :5-dihydroxy-3 : 4 : 6-trimethoxyacetophenone, 
C,(OMe),(OH),*COMe, 
it is heated with zine dust and acetic anhydride, the resulting 
white precipitate being hydrolysed with dilute sulphuric acid. 
The product crystallises from alcohol and water in microscopic, 
faintly yellow plates which melt at 174—176°: 
0°2100 gave 0°4218 CO, and 0°1088 H,O. C=54°75; H=5°75. 
C,,H,,0O, requires C=54°54; H=5°78 per cent. 
6-H ydroxy-2 :3:4-trimethoxyacetophenone, 
C,H(OMe),(OH):COMe, 
crystallises from alcohol in needles melting at 164—65°. It does 
not yield a quinone on oxidation with chromic acid: 
0°1788 gave 0°3824 CO, and 0°1046 H,O. C=58°33; H=6°55. 
C,,H,,0; requires C=58°41 ; H=6°19 per cent. 


2-H ydroxy-3 :4:6-trimethorypheny| 3:4-Dimethoxystyryl 
Ketone (IV). 


To 10 grams of 2-hydroxy-3:4:6-trimethoxyacetophenone and 
7 grams of veratraldehyde dissolved in 50 c.c. of alcohol are added 
20 grams of a 50 per cent. solution of sodium hydroxide in water. 
The mixture is left for about three to four days, during which time 
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it solidifies. After acidification with dilute hydrochloric acid and 
drying on a porous plate, it crystallises from alcohol in yellow 
needles which melt at 143°. The yield corresponds with 84 per 
cent. of the theoretical : 
0°1206 gave 0°2839 CO, and 0°0646 H,O. C=64'21; H=5°99. 
Cy9)HgO0, requires C= 64°17; H=5°89 per cent. 
The acetyl derivative crystallises from alcohol in colourless 
needles melting at 168—169°: 
0°1696 gave 0°3943 CO, and 0°1026 H,O. C=63°41; H=6°77. 
C..H.,0, requires C= 63°48 ; H=5°82 per cent. 


5:7:8:3/:4/-Pentamethoryflavanone (V). 


Five grams of the above ketone are dissolved in 750 c.c. of alcohol 
containing 25 c.c. of concentrated hydrochloric acid and 75 c.c. of 
water. The solution is heated under reflux for thirty hours, and 
is then left to remain in an open dish for about a week, when at 
first yellow crystals of the unchanged ketone (0°84—1°26 grams) 
separate. The filtrate gives after longer keeping (about three to 
four days) the flavanone, which is nearly colourless. It is purified 
by dissolving it in a little s-tetrachloroethane, from which it 
separates as a colourless powder. It crystallises from alcohol in 


long, colourless needles which melt at 186—187°. The yield of 
the crystallised flavanone is about 64 per cent. of the theoretical : 
0°1334 gave 0°3129 CO, and 0°0712 H,O. C=63:97; H=5°97. 
C,,,H.0, requires.C = 64°17; H=5°89 per cent. 


3-isoVitroso-5 :7:8:3':4/-pentamethoxyflavanone (V1). 


Five grams of the flavanone dissolved in alcohol are boiled with 
15 grams of amyl nitrite and 150 c.c. of concentrated hydrochloric 
acid. The isonitroso-derivative is purified after the evaporation of 
the alcohol by dissolving in a 10 per cent. solution of sodium 
hydroxide in water and precipitation with acetic acid. It crystal- 
lises from alcohol in faintly yellow needles which melt and decom- 
pose at about 218—220°: 

0°1829 gave 5°8 c.c. Ny (moist) at 22° and 758 mm. N=3°66 

Cy9H,,O,N requires N=3°47 per cent. 


5:7:8:3/:4!-Pentamethozyflavonol (VII). 


Five grams of the isonitroso-derivative are dissolved in glacial 
acetic acid and heated with dilute sulphuric acid under reflux for 
about five hours, when the flavonol separates on keeping. It 


crystallises from alcohol in small needles, which melt at 147—149°, 
B® 
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as found by Nierenstein and Wheldale (/oc. cit.) for this product, 
with the exception that it does not sinter at 136—138°, as 
previously observed. (Found: C=61'92; H=5'14. CyH,,0, 
requires C=61°85 ; H=5°10 per cent.) 


Hydroxyquercetin (ITI). 


The free hydroxyquercetin is obtained on heating the penta- 
methoxy-derivative for several hours with concentrated hydriodic 
acid (Zeisel). It crystallises from dilute alcohol in small, yellow 
needles melting at 354—355° (Nierenstein and Wheldale give 
352—355°). The melting point is not depressed when mixed with 
hydroxyquercetin from quercetone (Nierenstein and Wheldale, loc. 
cit.) or isoquercetone (Nierenstein, T., 1915, 107, 869). (Found *: 
C=5642; H=338. C,;H,O, requires C=56°63; H=3°17 per 
cent.) It yields on treatment with diazomethane in ethereal 
suspension the hexamethoxy-derivative previously described by 
Nierenstein (/oc. cit., p. 872), which crystallises from alcohol in 
colourless needles melting at 142—143°, as previously observed. 
The product was not analysed. 

BiocHEMICAL LABORATORY, 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF BRISTOL. [ Received, October 18th, 1916.] 


Il!.—The Friedel-Crafts’ Reaction. Part I. Phthalyl 
Chloride and the Mechanism of its Reaction with 
Benzene. 


By Maurice Copisarow. 


FRIEDEL and Crafts (Compt. rend., 1877, 84, 1452; Ann. Chim. 
Phys., 1884, [vi], 1, 523) and Baeyer (Annalen, 1880, 202, 51), by 
condensing phthalyl chloride with benzene in the presence of 
aluminium chloride, obtained diphenylphthalide (phthalophenone) 
as the main product and some anthraquinone and o-benzoylbenzoic 
acid as by-products. Haller and Guyot (Bull. Soc. chim., 1897, 
[iii], 17, 873), on repeating the condensation, succeeded in isolating 
a small quantity of diphenylanthrone. 

Scheiber (Annalen, 1912, 389, 121), however, found the main 
product of the reaction, when carried out at a low temperature, to 
be o-benzoylbenzoic acid. 


* Dried at 160°, when it loses 1H,O (compare Nierenstein and Wheldale, 
loc, cit., p. 3490). 
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The present author, in studying this reaction, isolated, in addi- 
tion to the above-mentioned substances, phenyloxanthranol and a 
new acid, tetraphenylmethane-o-carboxylic acid. 

This acid and diphenylanthrone were also obtained by condensing 
diphenylphthalide with benzene. 

These results, taken in conjunction with the work of Ott 
(Annalen, 1912, 8392, 274) and Scheiber (Ber., 1913, 46, 2368) on 
the isomerism of phthalyl chloride; of Meyer (Monatsh., 1904, 25, 
475, 1177; 1907, 28, 1211) on the isomeric chlorides and esters of 
o-benzoylbenzoic acid * ; and of Copisarow and Weizmann (T., 1915, 
107, 878) on the formation of phthalides of the benzene, naphth- 
alene, and carbazole series, throw much light on the mechanism of 
the reaction, but indicate it to be of a complex character. 

The complexity of the reaction is due to: 

(1) The tendency of phthalyl chloride and its condensation pro- 
ducts to pass, under the influence of aluminium chloride, from the 
open-chain to the cyclic form by (a) isomeric change, and (}) elimin- 
ation of one or more molecules of water or hydrogen chloride, and 

(2) The capacity of the cyclic compounds so formed to condense 
further with one or more molecules of benzene. 

Therefore by changing the experimental conditions, such as tem- 
perature, duration of the reaction, ratio of substances taken and 
manner and order of introduction of the reagents (the necessity 
of the latter is as yet not quite realised), a whole series of products 
may be obtained. The yield of the products of the advanced stages 
of the reaction is influenced, not only by the experimental condi- 
tions referred to above, but also by the configuration of the sub- 
stances in question, steric hindrance being brought into prominence, 
thus greatly inhibiting the progress of the reaction. 
| The formation of diphenylanthrone was attributed by Haller and 

Guyot (loc. cit.) to the condensation of benzene, not with phthalyl 
chloride, but with phthalylene tetrachloride, assumed to be present 
in phthalyl chloride, the proof being the formation of diphenyl- 
anthrone on condensing phthalylene tetrachloride with benzene. 

he evidence brought forward in this paper all goes to show that 
diphenylanthrone, phenyloxanthranol, and tetraphenylmethane-o- 
carboxylic acid are all products of the condensation of phthalyl 
chloride with benzene. 

The evidence is as follows: 

(1) The formation of diphenylanthrone and tetraphenylmethane- 
ce gaee acid by the condensation of diphenylphthalide with 

nzene, 


* Meyer’s results are contradicted by Martin (J. Amer. Chem. Soc., 1916, 
38, 1142) and McMullen (ibid., 1228). 
B* 2 
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(2) The uniform character of the reaction with samples of 
phthaiyi chloride, derived from different sources and obtained with 
certain modifications in the method of preparation. 

(3) The yield of these products, whilst being very small (the 
combined total is about 2 per cent.) owing to steric hindrance s0 
generally manifest in the tetraphenylmethane series, still fluctuates 
so considerably as to suggest that their formation is due to a whole 
series of consecutive reactions, rather than a one-stage reaction, 
subject to the usual effect of experimental conditions. 

(4) Estimations of chlorine in various specimens of phthalyl 
chloride do not indicate the presence of phthalylene tetrachloride. 

(5) Such reactions are not without precedent, as cases are known 
where carboxylic acids were obtained by the condensation of 
y-lactones with benzene and its homologues. Thus, Eijkman 
(Chem. Weekblad, 1904, 1, 421), by condensing y-methylbutyro- 
lactone and phenyl-y-methylbutyrolactone with benzene and 
toluene respectively obtained y-substituted butyric acids according 
to the scheme: 


CH,-CRR’ CH,-CRR’R" 
” _ ] 2 
ba,—co>? + BR’ = by con ° 


In the present instance, the acid originally formed, losing one 


molecule of water under the influence of the condensing agent, 
passes to a large extent into a closed-chain compound (diphenyl- 
anthrone), a process not uncommon in the aromatic series. 

The formation of phenyloxanthranol in the course of the reaction 
between phthalyl chloride and benzene cannot be attributed to the 
condensation of benzene with phthalylene tetrachloride (Haller and 
Guyot, Joc. cit.), as there is no indication of the presence of the 
latter in phthalyl chloride, or to the isomerisation of diphenyl- 


phthalide according to the scheme: 
om 


CPh OPh 


AN A ON/N 
Abo \/ \A\o9_/ 


which might suggest itself,* as the experimental evidence does not 
corroborate this view. 

Considering the fact that the chlorine is far more stable in the 
asymmetric than the symmetrical form of acid chlorides (Ott, loc. 
cit.), it is quite possible that, whilst the main portion of the 
isomerised chloride of o-benzoylbenzoic acid reacts according to 


* Such isomerisation, simultaneous with chlorination, does take place on 
treating diphenylphthalide with phosphorus pentachloride (Haller and Guyot, 
loc. cit.). 
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equation V, a small proportion condenses according to equation X, 
phenyloxanthranol being formed from its chloride, which is derived 
from the isomerised o-benzoylbenzoyl chloride. This conception 
finds support in a number of known cases of Friedel-Crafts’ reac- 
tions, where the oxygen, and not the halogen atom of the molecule 
takes part in the condensation (Combes, Bull. Soc. chim., 1886, 
ii], 45, 226; Biltz, Ber., 1893, 26, 1952; Dienesmann, Compt. 
rend., 1905, 141, 201; Béeseken, Rec. trav. chim., 1911, 30, 381; 
Frankforter and Kritchevski, 7. Amer. Chem. Soc., 1914, 36, 1511; 
1915, 37, 385). 

Considering the mechanism of the reaction between phthalyl 
chloride and benzene in the light of the new facts, it is necessary 
to deal with the method and conditions of formation of each of the 
numerous products of reaction. 

(1) o-Benzoylbenzoic Acid.—The formation of the acid is repre- 
sented by the equations: 


coc! | ,, COPh 
CO <OQG1 4 Coe = CH <oo.q + HCl 


(I.) 
. COPh COPh ; 
CH <cog + H20= CHL.<CO,H +HCl 


C 
(II.) 

and the most favourable conditions are low temperature, com- 
paratively short duration of reaction, and the introduction of the 
benzene and aluminium chloride before that of the phthalyl 
chloride, thus preventing the latter from isomerising before con- 
densation. 

(2) Anthraquinone.—The formation is represented by equations 
I and 


CHL <ooot = CoH .<go>O.H, + HCl 


COCI 
(III.) 
the best conditions being molecular quantities of benzene and 
phthalyl chloride, the order of introduction remaining the same as 
in the previous case. 

The low yield of anthraquinone is due to the fact that the reac- 
tion ceases with the formation of o-benzoylbenzoyl chloride when 
carried out in the cold. On warming, isomeric changes of the 
phthalyl and o-benzoylbenzoy! chlorides take place, which in the 
presence of benzene lead to diphenylphthalide. It is difficult to 
represent any appreciable part of the anthraquinone as being 
derived from the phthalic anhydride contaminating the phthalyl 
chloride, first, because the anhydride is present in very small 
amount, and, secondly, the o-benzoylbenzoic acid is not readily con- 
verted into anthraquinone (Pechmann, Ber., 1881, 14, 1865). 
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(3) Diphenylphthalide——The formation is represented either by 
equations I and 


l 
OH <coo > GH <o 0 
(IV.) 


CH, <OOR>0 + O,H, = CBOE >0 + HCI 
(V.) 


or by equations 


CHOC > 0,8, <OY>0 
(VI.) 


HO + 20H, = Os, OFT! >0 + 2HCI 
(VII.) 

(Copisarow and Weizmann, loc, cit.). When the aluminium 
chloride is introduced as the last reagent, and the reaction started 
at a comparatively low temperature (below 10°), which is gradually 
raised, the condensation is represented by stages I, IV, and V. 
When the reaction is started at a higher temperature, and the 
benzene introduced after the phthalyl chloride and aluminium 
chloride, the condensation is represented mainly by stages VI and 
VII, as in this case the isomerisation of the phthalyl chloride from 
the symmetric to the asymmetrical form precedes the condensation 
with benzene. 

(4) Tetraphenylmethane-o-carborylic Acid and Diphenyl- 
anthrone.—The formation of these compounds is represented by the 
equations : 


CPh 
Bo" 


CPh, 


2>0+C,H, = OH <oo fy 
2 


(VIII.) 


CHL<Co,t ~ 0,H <a hSc.H, 
(IX.) 


the favourable conditions being excess of benzene and aluminium 
chloride and a comparatively high temperature. 

(5) Phenyloxanthranol.—The formation of this is, for reasons 
stated above, probably represented by equations I, IV, and 


CCIPI . CCIPh 
O,H,<=G9-->0 ? ae ‘i CHA<C0,H . 


Cah OOP on <P SE 4H,0 
(XI). 
CH <6 G > CH, + H,0 = CH, <CCH Ph So.H,+ HCI 


CO-- 
(XII.) 
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Estimations of chlorine in several specimens of phthalyl chloride 
from different sources indicate a lower percentage of chlorine than 
that theoretically required. 

The explanation may be found in the fact that small quantities 
of phthalic anhydride are tenaciously retained in solution by the 
phthalyl chloride (Briihl, Annalen, 1886, 235, 13; Ott, loc. cit.). 
This affords also an explanation of the observation that, whatever 
the experimental conditions may be, the product of condensation 
of phthalyl chloride with benzene invariably contains some 
o-benzoylbenzoic acid. 

At temperatures high enough to exclude the formation of this 
acid from phthalyl chloride, the amount of acid accompanying the 
product of condensation does not exceed 0°25 per cent. 

In these cases the percentage of o-benzoylbenzoic acid formed 
serves aS an approximate estimate of the amount of phthalic 
anhydride dissolved in the phthalyl chloride, as the o-benzoy]l- 
benzoic acid does not readily undergo further condensations (Pech- 
mann, loc. cit.). 


ExPERIMENTAL. 
Analysis of s-Phthalyl Chloride. 


As a preliminary investigation, four specimens of phthalyl 
chloride were analysed, namely: (1) Kahlbaum’s ; (2) Schuchardt’s ; 
(3) prepared by Graebe’s method (Annalen, 1887, 238, 329); and 
(4) prepared by using a large excess of phthalic anhydride, as com- 
pared with the phosphorus pentachloride, so as to ensure the absence 
of phthalylene tetrachloride. 

The products of preparations (3) and (4) were freed from the 
accompanying phthalic anhydride by repeated cooling, filtration, 
and distillation under diminished pressure (12—15 mm.). 

The analytical data, as compared with those theoretically 
required for phthalyl chloride and certain mixtures of phthalyl 
chloride with phthalylene tetrachloride and phthalic anhydride, are 
given below. 

Chlorine, 
Substance. per cent. 


Phthalyl chloride (Specimen No. 34-87 
(Specimen No. ih 34-9 
(Specimen No. 34-86 
(Specimen No. 34-88 
theoretical 34-95 
+1 per cent. phthalylene tetrachloride ... 35-15 
+2 per cent. ” * ae 35-35 
+3 per cent. “ “i aoe 35-55 
+1 per cent. phthalic anhydride 34-6 
+2 per cent. ra 34-2 
+3 per cent. - 33-9 
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The possible suggestion that phthalyl chloride contains both 
phthalylene tetrachloride and phthalic anhydride, thus rendering 
the chlorine estimation of no value as a guide, is scarcely accept- 
able, on the following grounds: 

(1) Phthalic anhydride being more easily chlorinated than 
phthalyl chloride, it is not probable that the chlorination of the 
latter will take place while the former is present. 

(2) The o-benzoylbenzoic acid, which, as mentioned above, affords 
an approximate estimate of the proportion of phthalic anhydride 
in phthalyl chloride, indicates only very small quantities of the 
former in properly purified phthalyl chloride. 

The benzene employed in the condensations to be described was 
freed from thiophen first by means of concentrated sulphuric acid 
and then with aluminium chloride according to Haller and Michel’s 
method (Bull. Soc. chim., 1897, [iii], 15, 1065). The phthalyl 
chloride used was partly Schuchardt’s and partly prepared by the 
author according to Graebe’s method (loc. cit.). 


Condensation of Phthalyl Chloride with Benzene. 


Experiment 1.—Forty grams of s-phthalyl chloride were dissolved 
in 350 c.c. of benzene and 50 grams of finely powdered aluminium 
chloride added in four or five portions. The reaction, which 
slackened after three to four hours, was completed by heating the 
mixture on the steam-bath for two hours. 

The mixture was treated with ice and hydrochloric acid; and a 
current of steam passed through to remove the excess of benzene 
and ensure the complete decomposition of the aluminium organic 
compounds, 

The mixture was cooled and filtered, the residue washed with 
cold water, and then extracted twice with a hot solution of sodium 
carbonate and filtered.* 

On acidifying the cooled filtrate, a white powder was precipitated. 
This was collected, washed with cold water, and extracted several 
times with boiling water. On cooling the filtrate, white, slender 
needles separated, which gave a pure yellow coloration with con- 
centrated sulphuric acid, and were identified as o-benzoylbenzoic 
acid (crystallised from toluene, m. p. 127°). 

The portion insoluble in boiling water gave a deep green colora- 
tion with concentrated sulphuric acid, unchanged on heating, but 
discharged by. water and hydrochloric acid. 

Owing to the small quantity of material, the following method 
had to be employed in dealing with this product: 


* The effect of using sodium hydroxide instead of the carbonate is referred 
to below. 
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The fractions derived from all condensations, isolated in a 
manner identical with that just described, and all giving the same 
coloration with concentrated sulphuric acid, were mixed together. 
The amount so obtained was very small, and the investigation of 
this product was necessarily somewhat limited. 

Tetraphenylmethane-o-carborylic Acid—The acid is fairly 
readily soluble in all ordinary organic solvents, and separates from 
benzene in small, white crystals melting at above 184° (one crystal- 
lisation). 

The magnesium salt was obtained by adding a concentrated solu- 
tion of magnesium chloride to a solution of the ammonium salt and 
filtering; on cooling, the magnesium salt separated in white, 
lustrous plates. 

The silver salt, a white, crystalline powder, which gradually 
darkens on exposure to light, was prepared by treating a boiled 
ammoniacal solution of the acid with dilute silver nitrate: 

0°1306 gave 0°3145 CO, and 0°0463 H,O. C=65°68; H=3°94. 

02860 ,, 0°0651 Ag. Ag=22°72. 

Cy,H,gO.Ag requires C=66°24; H=4'07; Ag=22°90 per cent. 

The main portion, insoluble in sodium carbonate, was thoroughly 
extracted with hot alcohol, and the small residue, a white powder, 
was identified as anthraquinone (crystallised from glacial acetic 
acid, m. p. 285°). The alcoholic extract was found to contain the 
main product of the reaction, namely, diphenyphthalide and small 
quantities of diphenylanthrone and phenyloxanthranol. 

The separation and identification of these products was effected 
in the following manner. 

On cooling the alcoholic solution, yellow crystals were obtained, 
which were collected; the filtrate, somewhat concentrated by 
evaporation, was cooled, and a second crop of crystals collected. 
On adding water to the filtrate, now amounting to about 15—20 
c.c., a white, viscid substance separated, giving a purple-red colour 
with concentrated sulphuric acid. It crystallised from glacial 
acetic acid in white, rhombic crystals melting at 208°, and was 
identified as phenyloxanthranol. 

The purple-red coloration with sulphuric acid was found to be 
a useful guide in detecting traces of phenyloxanthranol. 

The two crops of crystals obtained above were mixed together, 
dissolved in alcohol, and a dilute solution of potassium hydroxide, 
equal to about three times the volume of alcohol taken, was gradu- 
ally added, with stirring, to the gently boiling alcoholic solution. 
On cooling, white crystals separated, which were collected and 
recrystallised from glacial acetic acid. White, needle-shaped 
crystals melting at 192° were obtained, which were identified as 
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diphenylanthrone. The alkaline filtrate contained the main pro- 
duct ot the reaction, namely, diphenylphthalide, as the potassium 
salt. of triphenylcarbinol-o-carboxylic acid (Baeyer, Annalen, 1880, 
202, 51). 


(NoPb5 4 KoH=( YOPbOH 


a 
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On acidifying the solution, a white precipitate was obtained 
which, when crystallised from alcohol, melted at 115°, gave a 
greenish-yellow coloration with concentrated sulphuric acid, and 
was identified as diphenylphthalide (which can be regarded as the 
lactone of triphenylcarbinol-o-carboxylic acid). 

When sodium hydroxide was substituted for sodium carbonate 
in the first treatment of the crude product, the extracted acids were 
found to be contaminated with diphenylphthalide, indicating that 
a hot aqueous solution of sodium hydroxide has some hydrolysing 
effect on diphenylphthalide. 

Experiment 2.—When the reaction was carried out at a some- 
what higher temperature (just above 80°), the only difference 
observed in the product was that it was more contaminated by 
tarry colouring matter. Treatment with alcoholic potassium hydr- 
oxide was found to be an excellent means of obtaining pure white 
diphenylphthalide. 

Experiment 3.—When the reaction was carried out in a carbon 
disulphide solution (1 mol. of phthalyl chloride and 4 mols. of 
benzene) no tetraphenylmethane-o-carboxylic acid or diphenyl- 
anthrone could be detected in the product, and but traces of phenyl- 
oxanthranol were found. 

The difference in the products is probably due to the compara- 
tively low temperature of reaction in a carbon disulphide solution. 

Experiment 4.—Forty grams of phthalyl chloride were treated 
with 50 grams of powdered aluminium chloride in the cold, when 
a dark brown liquid was immediately formed. The formation of 
this liquid was accompanied with but little evolution of hydrogen 
chloride. On adding benzene, a vigorous reaction took place with 
the evolution of hydrogen chloride. Continuing the experiment as 
in No. 1, the product was found to contain merely traces of anthra- 
quinone and phenyloxanthranol, the yield of the diphenylphthalide 
not being appreciably affected. 

Experiment 5.—The dark brown liquid obtained on treating 
s-phthalyl chloride with aluminium chloride, on keeping or warm- 
ing, begins to evolve hydrogen chloride slowly. The product is a 
brownish-yellow, somewhat viscid, crystalline material, which reacts 
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with benzene but feebly in the cold, and even on heating the reac- 
tion is far from being vigorous or complete. 

When the mixture, containing an excess of benzene (after six 
hours’ heating on the steam-bath), was treated as in experiment 1, 
the product was found to consist of phthalic acid and impure 
diphenylphthalide, the yield of the latter being not more than 
50 per cent. of that theoretically possible, as compared with a 
yield exceeding 90 per cent. in the first and second experiments. 

It seems from these results, and the work of Ott (loc. cit.) and 
Scheiber (/oc. cit.), that the aluminium chloride forms with 
s-phthalyl chloride a very reactive additive compound (dark brown 
liquid), which on keeping or warming loses hydrogen chloride and 
passes into a comparatively inert, crystalline substitution com- 
pound, in which the phthalyl chloride, having undergone an 
isomeric change, is present in its asymmetric form. 

The reaction of the substitution compound with benzene being 
very feeble, the result is that a considerable proportion of the 
asymmetric phthalyl chloride remains unacted on, and the product, 
on being extracted with sodium carbonate, as in experiment 1, 
yields the sodium salt of phthalic acid. On prolonged heating, 
tarry, highly coloured substances are formed, which greatly con- 
taminate the main product. 

Experiment 6. Formation of Anthraquinone.—To a mixture of 
30 grams of finely powdered aluminium chloride and 8 grams 
(1 mol.) of benzene in 200 c.c. of carbon disulphide 20 grams 
- (1 mol.) of phthalyl chloride were gradually added. The mixture 
was kept in ice for four hours so as not to allow the temperature 
of the mixture to rise above 10°, and then left over-night at the 
ordinary temperature, the reaction being completed by heating 
the mixture on a steam-bath for one hour. 

The product, on being treated as in experiment 1, was found to 
contain 2 per cent. of the theoretically possible quantity of anthra- 
quinone, the rest of the product being o-benzoylbenzoic acid and 
some diphenylphthalide. 

Experiment 7.—When the reaction mixture from experiment 6 
was treated with ice and hydrochloric acid, without previously 
heating it on the steam-bath, that is, carrying out the reaction 
below 20°, anthraquinone was found only in traces, the product 
consisting of benzoylbenzoic acid and some phthalic acid. 

Experiment 8. Condensation of Diphenylphthalide with 
Benzene.—Twenty-eight grams of diphenylphthalide were dissolved 
in 250 c.c. of benzene and 50 grams of powdered aluminium chloride 
added in two or three portions. The feeble reaction was stimu- 
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lated by heating the mixture on the steam-bath for six hours, 
The brown product, on being treated in a manner identical with 
that adopted in experiment 1, was found to consist of a little tetra- 
phenylmethane-o-carboxylic acid and diphenylanthrone, the main 
portion consisting of unchanged diphenylphthalide. No phenyl- 
oxanthranol could be detected. 

About 15 per cent. of the crude product consisted of a reddish- 
brown substance, insoluble in alcohol or glacial acetic acid, and 
but sparingly soluble in benzene or toluene. 

As this product was not obtained by the direct condensation of 
phthalyl chloride with benzene, its investigation does not come 
within the scope of this paper.* 

Experiment 9.—In order to determine whether phenyl- 
oxanthranol is formed to any extent from diphenylphthalide by 
isomeric transformation, pure diphenylphthalide was treated with 
aluminium chloride in carbon disulphide solution. The product 
was found to contain no phenyloxanthranol. 


In conclusion, the author wishes to express his indebtedness to 
the authorities of the Chemical Department for the facilities and 
encouragement given in connexion with this work. 


CHEMICAL DEPARTMENT, 
Tre UNIversiry, MANCHESTER. [Received, September 18th, 1916.] 


IV.—The Resolution of Asymmetric Quinquevalent 
Nitrogen Compounds. PartI. The Salts of d- and 
1- Phenylbenzylmethylallylammonium Hydroaide 
with d- and |-a-Bromocamphor-7-sulphonic Acid. 


By Joserpn REILLy. 


Tue study of the structure of compounds containing an asymmetric 
nitrogen (or other) atom has to a large extent developed from the 
analogy between these compounds and corresponding carbon 
derivatives. In general, a similarity is observed between the two 
classes of compounds, but in some particulars striking differences 
are observed. For example, the optically active acids show greater 


* It is quite possible that the substance is formed by the action of 
aluminium chloride on diphenylphthalide, a reaction somewhat analogous to 
that described by Scholl and Seer (Annalen, 1912, 394, 111; Monatsh.. 
1912, 33, 1). 
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variation with regard to the facility with which they can be 
employed as agents for the resolution of compounds containing 
asymmetric nitrogen atoms than for the resolution of similar 
carbon compounds. With asymmetric quinquevalent nitrogen com- 
pounds, such as the quaternary ammonium compounds, and par- 
ticularly with the cyclic derivatives, this difference is very marked. 
In this respect, it is also noticed that it is much more difficult to 
resolve the cyclic ammonium compounds than other quinquevalent 
compounds in which the nitrogen does not form part of the ring. 

Taking the case of compounds containing a quinquevalent 
nitrogen atom attached to five different univalent radicles, the 
following brief summary will show the different behaviour of the 
optically active acids with regard to their power to facilitate 
resolution (Reilly, Proc. Camb. Phil. Soc., 1915, 18, 177). By 
fractionally crystallising the compound obtained by displacing the 
iodine in dl-phenylbenzylmethylallylammonium iodide by the d- 
or /-8-camphorsulphonate radicle, Pope and Peachey (T., 1899, 75, 
1127) succeeded in resolving the ammonium compound, yet Wede- 
kind (Ber., 1899, 32, 517) had previously failed to obtain the two 
modifications by repeated crystallisation of the d-tartrate or 
d-camphoric acid derivative. Jones, later, failed to separate the 
d- and /-phenylmethylethylallylammonium d-8-camphorsulphonates 
even after repeated crystallisation from various solvents, whilst 
he found that the d- or /-a-bromocamphorsulphonate of the inactive 
base could be readily resolved by fractional crystallisation. 

It might therefore be considered that the stronger the optically 
active acid employed to effect the resolution the more easily would 
such a result be achieved. This, however, is not always the case, 
as the following account shows. The base mentioned above, which 
Pope and Peachey resolved by the aid of camphorsulphonic acid, 
is much more difficult to resolve if the agent employed is bromo- 
camphorsulphonic acid. Recently, Komatsu (Mem. Coll. Sei. 
Kyoto Imp. Univ., 1915, 1, 123) subjected to repeated crystallisa- 
tion from acetone and ethyl acetate the bromocamphorsulphonates 
of this base, but failed to bring about a separation. Wedekind 
(Zeitsch, physikal. Chem., 1903, 45, 235), aware of the previous 
work of Pope and his pupils, attempted to resolve p-tolylbenzyl- 
methylallylammonium iodide into its two antipodes by the aid of 
d-B-camphorsulphonic acid, but failed, yet Jones (T., 1908, 93, 
1790; compare also Homer, Proc. Camb. Phil. Soc., 1907, 14, 196) 
succeeded by crystallisation of the hydrogen dtartrate. Several 
other instances have been recorded in which resolution is brought 
about by the aid of the comparatively weak acids, d- or /-tartaric 
or d- or L-camphoric, where the much stronger acids, such as d- or 
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l-B-camphorsulphonic or d- or J-a-bromocamphor-7-sulphonic, have 
been unsuccessful. 

Resolution may fail in some instances, owing to the formation 
of a partly racemic compound, by the crystallisation of which the 
isomerides cannot be separated. This explanation may also be 
suggested to account for the difficulty in separating into d@ and 
l-modifications certain cyclic ammonium compounds, such as the 
a- and f-substituted pyridinium compounds or the tetrahydro- 
quinolinium derivatives of the type CyHyy:-NR/R’X. These com- 
pounds should be capable of existing as optical antipodes, since 
their molecules have no plane of symmetry (Jones, T., 1903, 83, 
1400). Hydrolytic dissociation of the salts, it is thought in other 
cases, will account for the results obtained. Identical solubilities 
of the two derivatives formed from the d- and /-base and the optic- 
ally active acid could be offered as another explanation, but this 
suggestion is not sufficient. This selective action of optically 
active acids in their power to bring about the resolution of extern- 
ally compensated compounds, noticeable much more frequently in 
the case of nitrogen than of carbon derivatives, would suggest that 
the non-resolution in particular cases is due to some other causes 
than to those indicated 

The pres2nt work was undertaken in order to investigate more 
fully this selective action of the optically active acids. The 
original quaternary iodide resolved by Pope and Peachey is readily 
obtained in the d- and l/-forms by fractional crystallisation of the 
d- and /-B-camphorsulphonates of the inactive ammonium base, and 
formation anew of the iodides by the action of aqueous potassium 
iodide. Substituting a-bromocamphor-m-sulphonic acid for 
B-camphorsulphonic acid in the above experiments, on fractional 
crystallisation of the a-bromocamphor-z-sulphonates, a separation 
of the two isomerides is not so readily obtained. In order to ascer- 
tain if racemisation sufficiently accounts for the different behaviour 
of the 8-camphorsulphonates and the halogenated compounds, an 
attempt was made to obtain the pure d- and /-compounds of the 
base with d- and /-a-bromocamphor-z-sulphonic acid by an indirect 
method, and to investigate the compounds formed. 

By the reaction of anhydrous silver a-bromocamphor-1-sulphonate 
with d-phenylbenzylmethylallylammonium iodide in dry acetone 
under certain conditions, the compound d-phenylbenzylmethylallyl- 
ammonium d-a-bromocamphor-m-sulphonate, was obtained pure. 
By combination of the d- and J/-iodides with silver d- and /-a-bromo- 
camphor-7-sulphonates, under conditions stated later, the following 
compounds were obtained: dBdA, dBIA, IBIA, and IBdA. These 
compounds are of the same order of stability as the corresponding 
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p-camphorsulphonates and show very little tendency to racemise. 
In alcohol and chloroform solution, small racemisation effects have 
been observed. The further study of these racemisation effects is 
much facilitated both by the very high specific rotations of the 
bromocamphorsulphonates and by their solubility in both water 
and non-aqueous solvents. 


EXPERIMENTAL. 
Resolution of dl-Phenylbenzylmethylallylammonium Iodide. 


The details of the method employed in the resolution of the 
iodide differ somewhat from those previously employed. The 
quaternary iodide in dry acetone was heated with a molecular pro- 
portion of silver d-8-camphorsulphonate for several hours. The 
solution was filtered, and the insoluble portion extracted three or 
four times with boiling acetone. The acetone from the extract 
was distilled off, and on cooling, the syrupy residue quickly crystal- 
lised, forming a hard mass which consisted of a mixture of the 
d-B-camphorsulphonates of the d- and /-bases. The acetone filtrate 
from the sulphonates on evaporation on the water-bath gave a 
partly viscous residue, which was extracted with dry ethyl acetate 
and most of the solvent evaporated off. It was then placed in a 
vacuum desiccator, when the main crop of crystals was obtained. 
The two fractions together gave a nearly theoretical yield. The 
separation of the isomerides and the preparation of the pure 
d-iodide were carried out according to Harvey’s modification of the 
method devised by Pope and his co-workers (T., 1905, 87, 1482). 

The following determinations of the rotatory power were made 
with a chloroform solution of the iodide containing 0°3065 gram 
made up to 30 c.c. at 17° in a 4-dem. tube: 

Hggreen- Hgyetiow- Nayetiow: 
+ 2-83° + 2-44° + 2-30° 


59-7 56-3 
218 205 


The rotation dispersion ratio for Hgyreen/Nayeiiow= 1-230 and for Hgyeiiow/ 
Nayetiow =1-061. 


The value [a],, 56°7° obtained by Harvey (loc. cit.) is in agree- 
ment with these results. 


Preparation of d-Phenylbenzylmethylallylammonium d-a-Bromo- 
cam phor-n-sulphonate. 


Silver a-bromocamphor-z-sulphonate (70 grams dried at 100°) 
was digested with dry acetone (300 c.c.) under reflux, and a mole- 
cular proportion of the pure d-quaternary iodide added in small 
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quantities at a time. The mixture was boiled for about two hours 
and then filtered. To the filtrate were added washings with 
acetone of the insoluble silver iodide. The greater portion of the 
acetone was distilled off and the residue set aside overnight, when 
it set to a crystalline mass, which was extracted in a Soxhlet 
apparatus with dry ethyl acetate. On cooling, the ethyl acetate 
solution deposited the sulphonate in colourless crystals, which were 
collected. The filtrate on the addition of light petroleum (b. p. 
40—60°) gave a further deposit of crystals. The substance was 
subsequently crystallised twice more from dry ethyl acetate. It 
melted and decomposed at 155—-159°. It was very readily soluble 
in alcohol or chloroform, readily so in water or acetone, sparingly so 
in ethyl acetate, and insoluble in light petroleum. It was dried 
at 100° in a vacuum until constant in weight before being 
analysed : 

0°1174 gave 0°2550 CO, and 0°0692 H,O. C=59°23; H=6°55. 

01425 ,, 00487 AgBr and 0°0585 BaSO, Br=14°54; 

S=5°63. 
C,,H;,0O,NBrS requires C=59'13; H=6°21; Br=14°59; S=5°85 
per cent. 

The compound was again crystallised from the same solvent, 
when the final determinations of the rotatory power were made. 

An aqueous solution containing 0°1655 gram in 30 c.c. at 14° 
in a 4-dem. tube gave: 


Hggreen- Hgyettow- Nayettow- 
+ 2-23° +1-91° +1-80° 
101-1 86-5 81-5 
554 474 447 


The rotation dispersion ratio for Hggreen/Nayetiow = 1°239 and for Hgyetow/ 
N@yetuw= 1-061. 


The corresponding values for the ammonium salt of the acid are 
1°243 and 1°059 (Pope and Read, T., 1910, 97, 2201). 

Taking the molecular rotation of the d-bromocamphorsulphonic 
acid ion as [M],, 279° (Pope and Read, Joc. cit.), this gives the 
molecular rotatory power of the d-phenylbenzylmethylallylammon- 
ium ion [M|,, + 168°, agreeing well with the value [M],, + 166°4° 
obtained by Pope and Harvey (T., 1901, 79, 828) from the study 
of the d-8-camphorsulphonate derivatives. 

The quaternary iodide was recovered by the addition of an 
aqueous solution of potassium iodide, and it gave in chloroform 
solution [a], +56°1°. 

The bromocamphorsulphonate in aqueous solution showed only 
a very slight tendency towards racemisation, and after two months 
in a thermostat at 20° the substance gave [a],, 79°9°. 


dein <> | 


~~ > ff Of 2 


QUINQUEVALENT NITROGEN COMPOUNDS. PART Il. 25 


The compound separated from water in large, well-defined, 
anhydrous, colourless, needle-shaped crystals in radiant bunches. 
The specific rotatory power, however, had fallen to [a], 79°19. On 
warming an aqueous solution of the compound it became cloudy, 
and after some time oily globules, consisting of the tertiary base, 
appeared. With prolonged boiling the solution gradually lost its 
activity owing, not to optical inversion, but probably to decomposi- 


tion. 
The inactive ammonium iodide was also caused to react with 


silver d-a-bromocamphor-z-sulphonate in dry acetone solution under 
similar conditions to those employed in the above experiments. 
Working with the inactive iodide, there was greater difficulty in 
obtaining a crystalline derivative. On filtering from the silver 
iodide and concentrating the solution, the product tended to 
separate in a partly crystalline mass. In this form it was macer- 
ated with dry acetone, and the mixture boiled and filtered, the 
filtrate afterwards being evaporated to small bulk. The solid 
matter which separated was spread on a porous tile and dried in a 
vacuum desiccator over sulphuric acid until quite hard, and recrys- 
tallised several times from dry acetone. It was then obtained in a 
crystalline form, melting indefinitely from 145° to 150°. After re- 
peated crystallisation from acetone, the specific rotation determined 
in aqueous solution altered only from [a]j? 51°3° to [a]? 53°0°, at 
which figure it remained constant. The latter figure gives 
[M], 291°, a value sufficiently near that of ammonium bromo- 
camphorsulphonate ([M], 279°) to indicate that very little resolu- 
tion has been accomplished under these conditions. A series of 
fractional crystallisations from ethyl acetate showed indications of 
resolution, but the pure active compound was not easily obtained. 

The acid used in the above experiments was prepared from 
d-a-bromocamphor. This compound was converted into the 
sulphonic acid derivative by fuming sulphuric acid and then 
purified by means of its ammonium salt. The latter salt was 
decomposed by baryta solution, and the silver salt obtained by the 
action of silver hydroxide, as described by Pope and Read (T., 
1910, 9'7, 2200). 


d-Phenylbenzylmethylallylammonium 1|-a-Bromocam phor-n- 
sulphonate. 


The d-iodide and silver /-a-bromocamphor-z-sulphonate do not 
react readily in very dry organic solvents, whilst if a little water 
is added, the sulphonate obtained is partly racemised. The follow- 
ing procedure gave satisfactory results. One molecular proportion 
of anhydrous silver a-bromocamphor-m-sulphonate was added to 
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dry ethyl acetate boiling under reflux; one molecular proportion 
of the d-base was added in small quantities at a time, and the 
mixture boiled for about two hours. After filtration, the soluble 
portion, together with two or three washings with ethyl acetate of 
the silver iodide, was evaporated to dryness, and the viscous residue 
left over sulphuric acid in a desiccator until the whole mass crystal- 
lised. When very hard, this mass was pulverised and extracted in 
a Soxhlet apparatus with ethyl acetate. On evaporation to a 
small bulk and adding a little light petroleum, the required com- 
pound was precipitated, and it became crystalline very quickly. 
It melted and decomposed at 146—148°. The compound had 
[a],, — 23° (in aqueous solution), but on three crystallisations from 
ethyl acetate this number changed to [a], —20°56°. This value 
on subsequent crystallisation from non-aqueous solvents did not 
alter. The substance crystallised from water in large needles and 
clusters of radiant crystals. 

Although no exact measurements have yet been made of the 
solubility of this compound, it appears, however, from general 
examination to be more readily soluble than d-phenylbenzylmethyl- 
allylammonium d-a-bromocamphor-z-sulphonate in ethyl acetate. 
It would be expected therefore that ethyl acetate might be a suit- 
able solvent to bring about the separation of the isomerides from 
an inactive mixture of the two by fractional crystallisation, but, 
as already shown, this is not the case. By the interaction of silver 
d-a-bromocamphor-z-sulphonate with partly resolved d-iodide, the 
pure d-a-bromocamphor-z-sulphonate of the d-base was obtained 
after several crystallisations from dry ethyl acetate. 

The following determinations of the rotatory power were made 
with an aqueous solution containing 0°1240* gram in 30 c.c. at 
20° in a 4-dem. tube: 


The rotation dispersion ratio for Hggreen/Nayeiow= 1-323 and for Hgyetiow/ 
Nayeriow = 1-088. 


The number for the molecular rotation compares well with the 
molecular rotatory power obtained by calculation from the mole- 
cular rotatory power of d-phenylbenzylmethylallylammonium 
d-a-bromocamphor-z-sulphonate. The molecular rotation of the 
basic ion is 166°4°. 

Pope and Peachey have shown (T., 1899, 75, 1084) that the 


molecular rotatory powers of the basic and acidic ions may be 


* Dried at 100°. 
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calculated from the molecular rotatory power of the salts dBdA, 
dBiA, as follows, provided the determinations are made in dilute 
solution : 
[M] of dBdA +[M] of dBA =twice [M] of dB ion. 
[M] of dBdA—[M] of dBA =twice [M] of dA ion. 
Applying these formule to the values found above, we obtain the 
following molecular rotations for sodium light: 
dB ion, 167°. 
dA ion, 279°6°. 
The J-a-bromocamphor-z-sulphonate was prepared in a similar 
manner to the d-compound, starting from /-camphor, as described 
by Pope and Kipping (T., 1893, 63, 576). 


1-Phenylbenzyi:nethylallylammonium |-a-Bromocamphor-n- 
sulphonate. 


The solvent from the mother liquor obtained from the fractional 
crystallisation of the d-8-camphorsulphonates was distilled off, and 
the pure /-phenylbenzylmethylallylammonium /-8-camphorsulphon- 
ate prepared in the manner described by Harvey (T., 1905, 87, 


1482), using acetone as solvent. 

The J-iodide was obtained by adding a concentrated solution of 
potassium iodide to an aqueous solution of the camphorsulphonate 
and subsequent treatment as in the case of the d-compound. A 
determination of the rotatory constants with a chloroform solution 
containing 0°1215 gram in 30 c.c. of solution at 15° in a 4-dem. 
tube gave: 


H green: Hyettow- Nayetiow: 
—1-12° —0-97° —0-91° 
69-1 59.9 56-2 
252 219 205 
The rotation dispersion ratio for Hggreen/N@yctiow = 1°230 and for Hgyenow/ 
Nayetiow = 1-066. 


The figure for the rotatory constant with sodium light is in close 
agreement with the value [a], —56°4° obtained by Harvey (loc. 
cit.). 

The method of preparation and purification of l-phenylbenzyl- 
methylallylammonium J/-a-bromocamphor-z-sulphonate is similar to 
that used in the case of its enantiomorphously related isomeride. 
After one crystallisation, the substance had [a], —77°3°, and sub- 
sequent crystallisation altered this to the constant value 
[a], —81°2°. The following determinations of the rotation con- 
stants of a purified sample were made: 
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0°1154 gram in 30 c.c. of aqueous solution at 20° in a 4-dem. 


tube gave: 
Hgreen- Hyettow- Na@yeiiow- 
— 1-32° —1-25° 
85-8 81-2 
470 445 


The rotation dispersion ratio for Hggreen/Nayeiiow= 1-232 and for Hgy.io»/ 
Nayetiow = 1-056. 

The molecular rotatory power of the /-phenylbenzylmethylallyl- 
ammonium ion is [M],, — 166°, a value agreeing well, within experi- 
mental error, with that obtained for the d-base. 


1-Phenylbenzylmethylallylammonium d-a-Bromocam phor-n- 
sulphonate. 


This compound was also prepared in a similar manner to its 
isomeride, and had similar properties. It melted at 147—149°. 
The rotatory constants were determined in aqueous solution; 
0°2360 gram made up to 30 c.c. at 17° in a 4-dem. tube gave: 

H&greeu- Hyetiow- N&yctiow- 
+0-85° +0-64° 
27-0 22- 20-3 
148 23 111 

The rotation dispersion ratio for Hgyreen/Nayetiow = 1-328 and for Hgyeiiow/ 
Nayettow = 1-094. 

The molecular rotatory power of this salt ({M], +111°) gives a 
value which agrees within experimental errors with that assigned 
to its enantiomorphously related isomeride and also with the value 
obtained by calculation from d-phenylbenzylmethylallylammonium 
d-a-bromocamphor-z-sulphonate. The recovered quaternary iodide 
had [a], —56°5°. 


There is no immediate prospect of continuing this work or the 
comparative study of the corresponding derivatives of the optically 
active acids with the cyclic ammonium compounds, owing to the 
undertaking of other duties. For this reason the work is pub- 
lished in its present form. 


I desire to acknowledge my indebtedness to Prof. Pope for his 
suggestion of this work and for his kind interest during the course 
of the experiments. 

Tue Cuemicat LABoratory, 


THE UNIVERSITY, 
CAMBR'DGE. [Receired, November 16th, 1916. ] 
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V.—Lead Subiodide, and an Improved Method for 


DENHAM: LEAD SUBIODIDE, ETC. 


Preparing Lead Suboxwide. The Solubility of Lead 
lodide. 


By Henry Georce DENHAM. 


Tue existence in aqueous solutions of subvalent salts of lead has 
been demonstrated by the joint work of Denham and Allmand 
(T., 1908, 93, 424), wherein it is shown that in the presence of 
platinised platinum hydrogen is capable of reducing bivalent salts 
of lead to a lower state of valency. Further support of this was 
obtained from the “circulation” experiments, in which it was 
shown that by maintaining a constant flow of an aqueous solution 
of lead acetate over a heated column of lead appreciable quantities 
of the metal could be dissolved and again precipitated on cooling 
the solution. These two results were summarised by the authors 
in the equations 

Pb+++H = Pb*++H* 

Pb*+*+ + Pb = 2Pb*. 
A further possible explanation has since been suggested by Pick 
and Ahrens (Abegg’s “Handbuch,” 4*e Gruppe, Blei, 637), the 
mechanism of the second reaction being represented according to 
their view by the equation 

Pbt*+ + Pb — Pb,?**. 
Further evidence as to the existence in aqueous solutions of the 
ions Pb+ or Pb,++ has recently been furnished by the work of 
Bell (Trans. Faraday Soc., 1916, 11, 1, 79), who investigated the 
problem by comparing the weight of lead actually dissolved in 
various electrolytes during the passage of an electric current with 
that calculated from the electrochemical equivalent for bivalent 
lead. The discrepancy observed was found to substantiate the 
earlier work of Denham and Allmand. 

The obvious method to obtain sub-salts of metals which give 
definite suboxides, for example, lead (Tanatar, Zeitsch. anorg. 
Chem., 1901, 27, 304; Brislee, T., 1908, 93, 154), is to act on this 
suboxide with the necessary acid; but this method failed utterly 
owing to the following decomposition : 

Pb,O — Pb+ PbO. 
Other methods, such as the action of finely divided lead on the 
various solutions of lead salts, also gave negative results. 

It has been shown that the vapour of methyl iodide acting on 
heated cupric oxide gives cuprous iodide without the liberation of 
iodine (Denham, Zeitsch. anorg. Chem., 1911, 71, 303). This sug- 
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gested that the vapour of methyl iodide acting on lead suboxide 
might yield a lower iodide of lead, and although many unforeseen 
difficulties have been met with, this method has ultimately proved 
successful. 

A preliminary experiment was carried out by distilling methyl 
iodide over lead suboxide at a temperature of 250—260°. After 
a distillation lasting about thirty minutes, the apparatus was cooled 
and the reaction tube examined. The substance in the tube was 
found to have changed from its original dark grey colour to a 
dark yellow with globules of lead scattered throughout the mass, 
but in the immediate neighbourhood of the glass walls a homo- 
geneous, bright yellow band was clearly to be seen. The inner 
mass was extracted with hot water, and the filtrate gave, on cool- 
ing, a copious crop of lead iodide crystals, whilst the yellow band 
under similar treatment not only gave no such deposit, but the 
filtrate gave no trace of a precipitate with potassium chromate. 
This reaction, several times repeated, pointed to the desired reac- 
tion having proceeded with considerable evolution of heat— 
sufficient to raise all but the layer in contact with the relatively 
cool walls to a temperature at which the subiodide decomposed 
into a mixture of lead iodide and lead, the melting of the metal 
proving that the temperature had risen at least 70°. This supposi- 
tion was at once tested by mixing the suboxide with four times its 
weight of silica, and it was found that the tendency to decom- 
position was by this means completely checked. 

Before describing in detail the apparatus and method used in 
preparing the subiodide, the details of the method for obtaining 
pure samples of lead suboxide merit attention. 


Methods of Preparation of Lead Subozide. 


Two methods have been described for the preparation of this 
suboxide, namely, that of Glaser (Zeitsch. anorg. Chem., 1903, 36, 
1) and that of Tanatar (Joc. cit.), but the actual working details 
of their methods have been so sparingly given that it is wellnigh 
impossible to follow their work without repeating the whole of 
their experiments. 

Glaser, for example, records that so long as the temperature 
does not exceed 235°, lead oxide is quantitatively reduced to the 
suboxide, and not to lead. The duration of this reduction is, how- 
ever, not mentioned. On the other hand, the author has found 
that samples of lead oxide prepared by the decomposition of lead 
oxalate in a stream of air are reduced to lead at temperatures 
that do not exceed 220°. In an experiment at this temperature 
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lasting 100 hours not the slightest sign of a halt in the neigh- 
bourhood of a composition approximating to that of lead suboxide 
was found. Glaser has pointed out in the case of copper oxide 
that the actual temperature of reduction depends on the previous 
history of the oxide, and it is highly probable that the samples of 
oxide used in this research possessed a finer grain than the speci- 
mens used by Glaser, hence the difference in the temperature of 
reduction. Obviously a method of preparation depending for its 
success on a knowledge of the particular temperature of reduc- 
tion of each sample used is of little value as a method of prepara- 
tion, and attention was then turned to that of Tanatar. 

This author describes how he prepared the suboxide “by heat- 
ing the lead oxalate in a combustion tube at the lowest possible 
temperature, carbon dioxide being led through the apparatus 
during the decomposition.” It has required a considerable amount 
of work-to rediscover the conditions that enabled Tanatar to obtain . 
a product showing the properties of lead suboxide; under no con- 
ditions has the author been able to obtain a pure product when 
using a stream of carbon dioxide, for considerable traces of this 
gas were always tenaciously retained, possibly as subcarbonate. 
If nitrogen is used, according to Tanatar’s suggestion, this objec- 
tion is removed, but the inordinate length of time necessary for 
the decomposition—nearly a week at 300°—is a great disadvantage. 
Consequently, the author has been compelled to introduce various 
modifications in Tanatar’s original method, and to lay down pre- 
cisely those conditions that enable an independent worker to repeat 
his experiments. 

In the first place, the dilution effect obtained by the passage 
of an inert gas was obtained by removing the products of decom- 
position (carbon monoxide and carbon dioxide) by an automatic 
three-fall Sprengel pump. Provided the total pressure does not 
exceed 5 cm., the carbon monoxide does not reduce the suboxide 
to lead. The main part of the decomposition was carried out at 
270—275°, but when the pressure had fallen nearly to zero the 
temperature was steadily increased to a maximum of 335°. Under 
these conditions it is possible to convert the oxalate into suboxide 
in twenty-six hours. The product is a dark powder exhibiting all 
the properties ascribed to it by Tanatar. So far as the preparation 
of the suboxide itself is concerned, the author has been unable to 
find any reason why the temperature of decomposition should not 
rise as high as 375°. Even at this temperature no decomposition 
into lead and lead oxide occurs, but the product becomes distinctly 
paler in colour, and in this form is much less reactive, especially 
towards methyl iodide. 
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Table I gives the composition of the last nine samples of lead 
suboxide prepared according to the method outlined above. 


TABLE I. 


Experiment... 1 2 3 4 5 6 7 8 9 
Lead per cent. 96-16 95-93 95-99 96-04 95-74 95-86 96-16 96-19 96.9] 
(theory, 96-28) 


Method of Preparation of the Subiodide. 


Although it is relatively easy to prepare samples of the sub- 
iodide approximating in composition to the theoretical, it has 
been found that the pure substance may be obtained only by the 
closest attention to the conditions stated below. 


Fia. 1. 


The apparatus found to be most satisfactory for the preparation 
of the subiodide is shown in Fig. 1. 

J was a distillation flask into which methyl iodide could be 
introduced from X at the completion of the decomposition of the 
oxalate into suboxide; H was a tube containing phosphoric oxide; 
G a spiral of thin glass; F, # bulbs containing the reaction mix- 
ture of lead oxalate and silica; D a bulb containing lead oxalate 
capable of being sealed off at the conclusion of the decomposition 
of the oxalate into suboxide and separately analysed; C a water 
condenser; M a receiver into which the tube from the condenser 
projected to a considerable extent, so that after the first few c.c. 
of methyl iodide had been condensed the evolution of any gas 


METHOD FOR PREPARING LEAD SUBOXIDE. 33 


could be noted; A a manometer; B a by-pass to enable the pump 
to remove evolved gases rapidly from both bulbs, thus ensuring 
that the manometer registered the pressure ruling throughout the 
whole apparatus—a very necessary precaution, for it may be noted 
that when more than two bulbs are used, owing to the difficulty 
of keeping down the pressure in the inner bulbs, reduction of the 
suboxide by the carbon monoxide ensues, and the inner bulbs give 
a variable product much richer in lead than the suboxide, and 
this occurs even although the gauge does not register a pressure 
above 5 cm. The taps f, e, d were protected with mercury seals, 
as the vapour of methyl iodide rapidly attacks the tap grease 
during the distillation; g was a three-way tap; Z an electrically 
heated oven. 

All temperatures were recorded on a platinum resistance thermo- 
meter, which was repeatedly checked against a standard. 

In an experiment, about 0°5 gram of oxalate intimately mixed 
with four times its weight of silica was introduced into each of 
the bulbs # and F, a little glass-wool being first placed at the 
bottom of each bulb; and into the sample bulb D was brought 
about 0°4 gram of oxalate. The apparatus, after being sealed 
together as in the figure, was exhausted until the pump 
“hammered ’”’ and its tightness was tested. The electric oven was 
then steadily heated until a temperature of 270—275° was reached. 
At this stage a steady evolution of gas set in, and with three fall- 
tubes in use a pressure of 4—5 cm. was generally reached in an 
hour after the evolution of gas first set in. The decomposition 
then proceeded as already described. 

When no further gas was evolved, the oven was cooled to 250°, 
and a slow stream of dry nitrogen freed from traces of oxygen by 
slow bubbling through alkaline pyrogallol and over red-hot copper 
was introduced until the pressure had risen to 75 cm. The bulb 
D containing the sample of suboxide was then sealed off; methyl 
iodide was introduced into K, oxygen thoroughly boiled out, and 
the tap h closed, a little mercury being also dropped into the cup. 
In this way the iodide could be easily introduced into the flask J 
without a trace of oxygen entering. By cutting out the by-pass 
B, the vapour of the iodide could be driven at any desired rate 
through the bulbs by suitably adjusting the temperature of the 
flask J. The most satisfactory rate of distillation proved to be 
such that 5 c.c. condensed in the receiver M in about twenty 
minutes. The total duration of the distillation was generally 
between forty five and fifty-five minutes. In many cases the 
reaction, as shown by the evolution of gas in the receiver, was com- 
plete in fifteen minutes, but occasionally the suboxide appeared to 
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react more slowly, and a longer distillation was necessary. After 
the distillation had begun the temperature of the oven was slowly 
raised to a maximum of 262°, and it was so arranged that this 
maximum temperature was maintained for the last twenty minute 
of the distillation. After the completion of the distillation, the 
tap f was opened and the pump started, whilst the receiver M was 
cooled with a mixture of ether and carbon dioxide. When the 
pressure had fallen to 4 cm., the methyl iodide receiver was sealed 
off at a and 4, likewise the apparatus to the right of the point ¢; 
at these points, it may be noted, constrictions had been made in 
setting up the apparatus. The object of reducing the pressure to 
4 cm. before sealing off is that only when the pressure has fallen 
to this point is it possible to seal off any parts of the apparatus 
without the liberation of iodine. The pump was allowed to con- 
tinue in action for twelve hours, the oven being kept at a tempers 
ture of 245°+5°. The bulbs were then sealed off and the contents 
were available for analysis. 

The necessity for introducing nitrogen prior to the distillation 
arises from the fact that the methyl iodide reacts much more 
readily under atmospheric than under diminished pressure; 
for example, in two experiments a spiral condenser cooled by 
carbon dioxide and ether was used, and no nitrogen introduced 
into the apparatus. After one hour’s distillation scarcely any 
reaction between the methyl iodide and the suboxide had occurred. 

So far as the limits of the temperature are concerned, the reac- 
tion has been found to proceed too slowly below 250°, and at 264° 
a slight decomposition of the methyl iodide occurs with the libera- 
tion of iodine. The result is that at all temperatures above 263° 
there is a slow evolution of gas throughout the whole of the dis 
tillation, and an examination of the product shows that it always 
consists of a mixture of lead suboxide and considerable quantities 
of lead iodide, the actual amount of each depending on the tempera- 
ture and the duration of the distillation. Thus at 280°, when the 
distillation lasted ninety-five minutes, the mixture contained 44 per 
cent. of iodine, whilst at 270°, with a duration of eighty-three 
minutes, the iodine content was 43 per cent. (PbI, contains 55'l, 
and PbI 38 per cent. of iodine). Moreover, it is to be noted that 
so long as the temperature does not exceed 262° it is possible to 
distil the vapour through the reaction bulbs for an hour after the 
evolution of gas has ceased, and the percentage of iodine does not 
rise above that of the suboxide (38), whilst even a few minutes’ 
distillation at any temperature above 263° will give a product 
containing distinctly more than 38 per cent. of iodine. 

The velocity of the distillation must be such that the vapour 
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approximately reaches. the temperature of the oven before coming 
into contact with the suboxide. This is ensured by the presence 
of the spiral; but if this precaution is neglected the reaction will 
rarely proceed to completion, and one obtains a mixture of the 
suboxide and subiodide. This can at once be seen, since such a 
mixture, even though containing but 2 per cent. of the suboxide, 
has no longer the characteristic yellow colour of the pure subiodide, 
but has a distinct green tint. 

The object of the lengthy exhaustion of the apparatus at the 
completion of the experiment is that a slightly volatile, yellow 
product condenses in the reaction bulbs during the distillation, 
and this can be best removed by thorough exhaustion at as high 
a temperature as is consistent with the stability of the salt. This 
dificultly volatile product slowly distils off during exhaustion and 
condenses in a clearly defined yellow band just outside the oven. 
It contains neither lead nor iodine, and appears to be a condensa- 
tim product of an aldehyde formed during the reaction. The 
following experiment illustrates the effect of insufficient exhaus- 
tin: The exhaustion was continued for two hours, and a bright 
yellow product was obtained which contains I1=36°6, Pb=59°7 per 
cent. The ratio Pb:I is exactly that for lead subiodide (62:38), 
but the sample was evidently vitiated by the presence of the above- 
mentioned condensation product. 


Methods of Analysis. 


(2) In the case of lead oxalate, the lead was estimated by intro- 
ducing a weighed quantity into a platinum crucible, adding dilute 
sulphuric acid, and weighing as sulphate after evaporation and 
ignition. 

(6) The lead in the suboxide was estimated by introducing a 
weighed quantity from a bulb into a platinum crucible, dilute 
nitric acid was added, and the whole evaporated to dryness, the 
lead being finally weighed as sulphate according to the method 
outlined in (a). 

(c) In the analysis of the lead in the subiodide, a weighed 
quantity of the mixture of subiodide and silica was introduced into 
aweighed platinum crucible; dilute nitric acid was added, and the 
whole evaporated to expel iodine and excess of nitric acid, and the 
total weight of lead sulphate and silica obtained as in (a). The 
weight of silica was subsequently obtained by washing out the 
lead sulphate with hot, concentrated ammonium acetate, and hence 
the weight of lead sulphate derived from the original subiodide 
estimated. 

(2) In the estimation of the iodine, the weighed quantity of 

c 2 
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subiodide and silica was brought into a beaker and moistened with 
moderately concentrated acetic acid; after remaining about fifteen 
minutes on a water-bath, 250 c.c. of water were added, and the 
whole digested until complete solution of the subiodide had 
occurred. The silica was filtered off and estimated, the iodine jn 
the filtrate being weighed as silver iodide. (A slight deposit of 
carbonaceous matter, never more than 0°1 per cent., was always 
left undissolved with the silica.) 


Analytical Results. 


(a) Lead Oxalate-—Samples of this salt were prepared by the 
action of oxalic acid on an acid solution of lead acetate. 


Found, Pb 
per cent. 
70-11 
70-13 
70-11 
70-04 
70-14 
70-17 
70-18 


(b) Methyl iodide was prepared by the usual method, and after 
washing repeatedly with sodium hydroxide and water was distilled 


from phosphoric oxide. The boiling point of the iodide did not 
vary by more than 0°25°. 
(c) Lead Subiodide. 


Found, Pb Found, Pb Found, 
per cent. per cent. I per cent. 
Expt. in suboxide. in subiodide. in subiodide. 
— 62-1 37-45 
95-87 62-7 37-4 
62-3 
62-4 
61-8 
61-0 
62°3 
62-0 
62°07 


Theoretical 96°28 62-01 


SDNAQTR WH 


(In experiments 1 and 8 no samples of the suboxide were taken; 
in taking the mean of the iodine percentages, experiment 4 has 
been omitted.) 


Properties of the Subiodide. 


The much vexed question as to whether the substance the 
formula of which is Pb,O is a true suboxide, and not an equ: 
molecular mixture of lead and lead oxide, has been convincingly 
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answered by Tanatar (/oc. cit.) and by Brislee (loc. cit.). That 
the subiodide is also a true chemical compound, and in no sense 
a mixture, is clearly demonstrated in the first place by its colour. 
The bright yellow of the subiodide is only obtained when the pro- 
duct has a composition very close to the theoretical value. The 
presence of even 1 per cent. of the dark suboxide in the sample 
of subiodide is sufficient to change the colour from the clear yellow 
to a green or even a dark yellow. Thus in one experiment, wherein 
the suboxide had been heated to 360° during its formation, thereby 
forming the pale grey unreactive form, the subiodide obtained 
had a distinct green appearance, and analysis showed that the ratio 
of lead to iodine was 65:35 (theory is 62:38). 

If the subiodide is heated to 300° in a vacuum, the colour slowly 
becomes much darker, and with a lens it is possible to distinguish 
the heterogeneity of the mixture. By the action of heat, the sub- 
stance decomposes in accordance with the equation 


2PbI —> Pb+Pbl,. 


The presence of the lead iodide in this dark mixture can readily 
be demonstrated by boiling it for a few minutes with water, filter- 
ing, and cooling; a copious crop of lead iodide crystals is at once 
obtained, whilst if the undecomposed yellow subiodide is boiled 
with oxygen-free water and rapidly filtered, not only is there an 
entire absence of any such separation of lead iodide crystals, but 
the filtrate gives no trace of a precipitate with potassium chromate 
or with hydrogen sulphide, the latter reagent producing a faint 
darkening only. 

By the action of acids (hydrochloric, sulphuric, and acetic) a 
decomposition similar to that brought about by heat takes place. 

The subiodide appears to undergo slow oxidation on exposure 
to the air. Thus, after removing the silica from the reaction 
mixture by sifting in the open air, the following analysis was 
obtained : 


Lead =60°9 per cent. 

Iodine =37°2 - 

Oxygen= 1°9 99 
the oxygen being determined by reduction in a stream of hydrogen. 

As a final proof of the chemical individuality of the substance, 
its solubility, as well as that of the normal iodide, was determined 
by the conductivity method. A vessel of the type shown in Fig. 2 
was constructed. Into the side-tube, before the capillary tap was 
sealed on, there was introduced a glass tube containing mercury, 
and also a small bulb containing the salt under investigation. 
After the tap had been sealed on, a stream of conductivity water 
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was drawn through the apparatus in order to remove all traces of 
impurity arising from acid products of combustion. When q 
constant resistance of 20,000 ohms had been registered, both side. 
tubes were connected to a water-pump, and the water boiled for 
ten to fifteen minutes under diminished pressure in order to 
remove traces of oxygen from the apparatus. After closing both 
taps and cooling the contents to 35°, the bulb was broken by 
means of the hammer, and after thorough shaking the vessel was 


Fic. 2, 


Se 


placed in a thermostat at 25°, and conductivity readings were 
taken until constant. 

In the case of lead iodide, about 0°3 gram was brought into 4 
small bulb, and after thorough exhaustion by a Tépler pump the 
bulb was sealed off, in order to make the conditions quite com 
parable with those under which the solubility of the subiodide was 
determined. In ten minutes after the bulb was broken in the 
conductivity vessel a resistance of 138 ohms was recorded, and this 
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remained constant until the apparatus was opened to the atmo- 
sphere. 

In order to obtain the solubility of the subiodide, a small bulb 
of this substance was prepared by the usual method, and a second 
and larger bulb retained for a control analysis. It is essential in 
this determination that oxygen be rigidly excluded both from the 
bulb and the conductivity vessel itseli. In ten minutes after break- 
ing the bulb a resistance of 1250 ohms was recorded, and during 
the next twenty-four hours this underwent no change. 

It appears, therefore, that if the ionic mobilities of the iodine 
and the lead ions from the subiodide (whether Pb+ or Pb,++) be 
assumed to be the same as in the case of the normal iodide, the 
solubility of the subiodide is 0°35 milli-equivalent per litre, that 
is, about one-ninth that of the normal salt. This relative insolu- 
bility of the lower iodide is interesting, inasmuch as it falls into 
line with the corresponding cases of copper, mercury, etc. 


The Solubility of Lead Iodide. 


Numerous determinations of the solubility of lead iodide have 
been recorded, notably by Lichty (A mer. Chem. J., 1903, 25, 469), 
v. Ende (Zeitsch. anorg. Chem., 1903, 26, 162), and Béottger 
(Zeitsch. physikal. Chem., 1903, 42, 602). Lichty and v. Ende 
both used the direct method in their estimation of the solubility, 
the former obtaining 1°65 millimols and the latter 1°58 millimols 
per litre at 25°. On the other hand, Béttger arrived at a dis- 
tinctly lower value. His measurements were made by the con- 
ductivity method, and on the assumption that 97 per cent. of the 
salt is dissociated in the saturated solutions, he finds that 1°31 
millimols dissolve in a litre of water at 20°1°. 

By using the apparatus just described, the following readings 
were obtained at 25°: 


in 10 min. 140 ohms 
oo . 7 «wz 
— ea wee 


whence Z, the specific conductivity, is 461°7 (corrected for the con- 
ductivity of water). 

A second sample of lead iodide was prepared by precipitation, 
and after repeated washing it was recrystallised three times from 
water. A saturated solution in conductivity water was then pre- 
pared at 40°, and brought into the conductivity vessel without 
exposure to the air. In ten minutes a constant reading was 
obtained, whence Z=472°2 (corrected for the conductivity of the 
water). 
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Assuming complete dissociation, and that the ionic conductivities 
of lead and iodine are 71°8 and 76°4 respectively, the solubility is 
1°58 millimols per litre at 25°, in exact agreement with the value 
obtained by v. Ende, but decidedly higher than that obtained by 
Bottger (1°31 at 20°19). 

On the other hand, it has been noticed that if in the prepara. 
tion of the solution of lead iodide it is exposed appreciably to the 
atmosphere, the conductivity is abnormal. The resistance set up 
by a solution that had been thus exposed amounted to 139 ohms 
in ten minutes, and in sixteen hours it had risen to 148 ohms. 
This is attributed by the author to the following reactions: 

PbI, + CO, + H,O —> PbCO, + 2HI, 

4HI+0O, —> 2H,0 + 2L, 
for it was possible by admitting gaseous impurities to induce an 
exactly similar change in a solution prepared by breaking a bulb 
of lead iodide in the conductivity vessel. When a perfectly 
constant reading for the solution, prepared, as already described, 
in the absence of air, had been obtained, a little carbon dioxide 
and oxygen were introduced into the apparatus and the whole 
shaken. In seventy hours the resistance rose steadily from 140 to 
152 ohms. 

It appears, therefore, that in using the conductivity method for 
the determination of the solubility of lead iodide, and possibly also 
of lead bromide (see Béttger, Joc. cit., p. 575, on the variation noted 
in the conductivity of this salt), extreme care must be exercised 
in excluding gaseous impurities, but with due precautions the 
method gives rapid and accurate results. 


Summary. 


(1) Lead suboxide may be best prepared by heating in a vacuum 
lead oxalate at a temperature as high as 375° provided the pressure 
of the evolved gases does not rise above 5 cm. 

(2) Above 335° the suboxide becomes paler in colour, and at the 
same time much less reactive. 

(3) Lead subiodide may be obtained by distilling the vapour of 
dry methyl iodide at a maximum temperature of 262° through the 
suboxide. 

(4) The subiodide thus prepared is of a pure yellow colour, which 
darkens on heating above 300° owing to decomposition into lead 
and lead iodide. 

(5) The subiodide has a solubility about one-ninth that of the 
normal iodide, is slowly oxidised by air, and is completely decom- 
posed by acids. 
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Further work on the sub-salts of lead, etc., is now in progress. 
The author desires to record his appreciation of the facilities placed 
at his disposal by the Walter and Eliza Hall Trust for the prosecu- 
tion of this research. 
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VI.—The Displacement of Sulphonic Acid Groups in 
Amino-sulphonic Acids by Halogen Atoms. 


By Joun JosepH Supsorovues and JaMiaT VISHINDAS 
LaKHUMALANI. 


In the preparation of 2:6-dibromosulphanilic acid from sulphanilic 
acid, tribromoaniline is always obtained as a by-product, and the 
amount of this becomes very appreciable unless certain precautions 
are taken (Heinichen, Amnalen, 1889, 253, 268). The formation 
of s-tribromoaniline is also observed during the formation of 
2:6-dibromo-paminobenzoic acid. These observations indicate 
that a sulphonic or carboxylic group in the para-position with 
respect to an amino-group is readily displaced by bromine. 

This has been confirmed by exeriments on the action of bromine 
water on solutions of 2:6-dibromosulphanilic acid; the results ~ 
prove that an almost quantitative yield of s-tribromoaniline can 
be obtained in the cold, and that the other product is sulphuric 
acid. 

An examination of the literature shows that s-tribromoaniline 
is also formed during the bromination of o-aminobenzenesulphonic 
acid, but not during the bromination of the isomeric meta-acid. 

The displacement of halogen atoms by nitro-groups is a well- 
known phenomenon, and has been studied by Zincke (J. pr. Chem., 
1900, [ii], 61, 561), Dahmer (Annalen, 1904, 333, 346), Robert- 
son (T., 1908, 98, 793), Gibbs and Robertson (ibid., 1914, 105, 
1885), and Robertson and Briscoe (ibid., 1912, 101, 1964) in the 
case of brominated phenols. The displacement of carboxylic groups 
by halogen atoms has also been observed by Gibbs and Robertson 
(loc. cit.), and the displacement of -CO,H, -CHO, -CO-CH, 
groups by nitro-groups in the case of aromatic hydroxy-compounds 
has been investigated by Salway (ibid., 1909, 95, 1155), Harding 
and Weizmann (ibid., 1910, 97, 1126), Harding (ibid., 1911, 99, 
1585; 1914, 105, 2790), and Thomes and Siebeling (Ber., 1911, 
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44, 2115). The reactive positions are the 2-, 4-, and 6-positions 
with respect to the hydroyl group, and compounds in which the 
displaceable groups are in the 3- and 5-positions are not decom- 
posed by nitric acid. 

A reaction of somewhat analogous type is the scission of certain 
aminobenzhydrols by the action of bromine (Clarke and Patch, 
J. Amer. Chem. Soc., 1912, 34, 912; Esselen and Clarke, ibid., 
1914, 36, 308). For example, with p» or 0o-aminobenzhydrol 

C,H,;-CH(OH)-C,H,-NH, + Br, —> 

C,H,;-CHO + C,H, Br-NH,+ HBr, 
the complex, -C,H;-CH(OH)-, becomes displaced by bromine. 
Here also decomposition does not occur with m-amino- or with 
unsubstituted benzhydrols, but does with all benzhydrols contain- 
ing an amino- or alkylated amino-group in the ortho- or para- 
position with respect to the -C,H,-CH(OH): group. 

Blanksma (Rec. trav. chim., 1905, 24, 320) has observed that 
during the reduction of certain aromatic nitro-compounds by tin 
and hydrochloric acid, atoms or groups of atoms are eliminated 
from the benzene nucleus and displaced by hydrogen. 

The groups thus displaced are bromine, iodine, carboxylic and 
sulphonic, provided that they are in the ortho- or para-position 


with respect to the original nitrogroup. For example: 
(NO,),C,H,-CO,H —> C,H,(NH,),. 
2:4 1 2:4 


The halogen atoms in o- or psubstituted anilines can also be 

removed by a process of reduction. For example: 

CH,°C,HB*,-NH, —> CH,°O,H,’ NH, 

1 2:4:6 3 1 3 
(compare also Jackson, Amer. Chem. J., 1896, 18, 467; Jacobson, 
Ber., 1888, 21, 2826). Kelbe (ibid., 1882, 15, 39; 1883, 16, 67) 
and Heller (ibid., 1913, 46, 2703) have observed the removal of 
sulphonic acid groups from hydroxyanthraquinonesulphonic acids 
by means of halogens, and Schmidt (Ber., 1904, 3'7, 68) has shown 
that the nitro-group in a-nitroanthraquinone can be displaced by 
the sulphonic acid group by merely warming the nitro-compound 
with an aqueous solution of neutral alkali sulphite. He has also 
proved that a sulphonic acid group in the a-position in the anthra- 
quinone molecule is readily displaced by ethoxy- or methoxy- 
groups. 

Blanksma (Rec. trav. chim., 1910, 29, 377) has made use of 
the readiness with which sulphonic acid or carboxylic acid groups 
in the ortho- or para-position with respect to an amino-group can 
be displaced by bromine for elucidating the constitution of certain 


SULPHONIC ACID GROUPS IN AMINO-SULPHONIC ACIDS, ETC. 43 


aminosulphobenzoic acids containing all three groups—NH),, 
CO,H, SO,H. 

All these researches indicate the reactivity of certain sub- 
stituents when in the positions 2, 4, or 6 with respect to an amino- 
or hydroxy-group in an aromatic compound. 

The experiments described in this paper were undertaken with 
the object of studying the action of halogens on various amino- 
sulphonic and amino-carboxylic acids, including some of the 
naphthalene series. 

The results indicate that when bromine is employed, an almost 
quantitative yield of the compound formed by displacing the 
sulphonic acid group by bromine is obtained. For example: 


2 : 6-Dibromosulphanilic acid. s-Tribromoaniline. 


The displacement can be brought about by means of bromine 
water, fresh potassium hypobromite solution, or an acidified solu- 
tion of potassium bromide and bromate. The yield in all cases 


is more than 90 per cent., and the other product is sulphuric acid. 
Similar results are obtained when 4:6-dibromoaniline-2-sulphonic 
acid is used. 

Chlorine reacts with the two isomeric dibromoanilinesulphonic 
acids, but the products are not pure 4-chloro-2:6-dibromo- and 
2-chloro-4 : 6-dibromo-anilines, but mixtures containing tribromo- 
aniline. The formation of such mixtures can most easily be ex- 
plained by assuming that bromine is displaced from one molecule 
of the dibromo-acid and reacts with a second molecule, yielding 
tribromoaniline. The displacement of bromine by chlorine in 
bromoanilines has already been observed by several investigators. 
Wegscheider (Monatsh., 1897, 18, 329) was able to show that at 
240° hydrochloric acid transforms s-tribromoaniline into the 
corresponding trichloro-compound. Chattaway and Orton (T., 
1901, 79, 822) have shown that the chlorjne atom in acetylchloro- 
amino-2:4-dichlorobenzene is able to displace bromine in such 
compounds as s-tribromoaniline and 2-chloro-4 :6-dibromoaniline, 
and in the latter case they were able to isolate a certain amount 
of a dichlorobromoaniline. Orton and Reed (ibid., 1907, 91, 
1543) have shown that in the chlorination of 2:4-dibromoaniline 
and other bromo-derivatives of aniline mixtures of dichlorobromo- 
anilines and s-tribromoaniline are formed. From the products 
from 2:4-dibromoaniline they obtained, by fractional crystallisa- 
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tion, a well-defined, crystalline substance melting at 110°, and the 
results of analysis proved that this consisted of 59°3 per cent. of 
tribromoaniline and 40°7 per cent. of dichlorobromoaniline, 
assuming that these are the only two compounds present. In some 
of our experiments on the action of chlorine on 4:6-dibromo- 
aniline-2-sulphonic acid a crystalline product was obtained, from 
which well-defined crystals softening at 107—109° and melting at 
110° were isolated after four crystallisations from alcohol. A 
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Melting point curve of mixtures of 2-chloro-4 : 6-dibromoaniline and 
8-tribromoaniline. 


Molecular percentage of tribromoaniline. 


product with the same melting point was also obtained by the 
action of chlorine on 2:4-dibromoaniline. 

The analysis of these crystals agreed closely with the results 
given by Orton and Reed (loc. cit.). A melting-point curve of 
mixtures of s-tribromoaniline and 2-chloro-4:6-dibromoaniline has 
been examined (see figure), and it is shown that this curve is 
almost a straight line, and that a mixture melting at 110° has 
almost the composition given by Orton and Reed. 

Solutions of iodine have no action on the dibromoaniline- 
sulphonic acids even at 100°, but the displacement of the sulphonic 
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acid group by iodine can be effected by means of iodine mono- 
chloride dissolved in glacial acetic acid. The products formed are 
respectively 2:6-dibromo-4-iodoaniline and 2 : 4-dibromo-6-iodo- 
aniline, neither of which has been previously prepared. 

NH, NH, NH, NH, 
Br/ Br - Br “Br Br SOyHt —> Br/ ‘I 
ze “sr \4 \Z 
$0,H I Br Br 
Experiments were also made with the corresponding dibromo- 
aminocarboxylic acids. The carboxylic group is more difficult to 
displace. With bromine good yields of s-tribromoanilines were 
obtained, but with chlorine and iodine monochloride displacement 
was not observed in the case of the para-, and only to a very 

slight extent in the case of the ortho-compound. 

Comparative experiments were made with the object of deter- 
mining whether the ortho- or para-sulphonic acid group is the 
more readily displaced by bromine. Although the experiments do 
not show close agreement among themselves, they indicate that 
the sulphonic acid group which is in the ortho-position to an 
amino-group is more reactive than the same group when in the 
para-position; in most of the experiments made the yield of tri- 
bromoaniline was greater when aniline-o-sulphonic acid was used. 

In order to show that a sulphonic acid group in the meta- 
position with respect to the amino-group is inactive and not 
readily displaced by halogen, the action of chlorine, bromine, and 
iodine monochloride on 2:4:6-tribromoaniline-3-sulphonic acid 
and the corresponding carboxylic acid was studied, but in no case 
was the formation of a tetra-halogenated aniline observed. 


ExPERIMENTAL. 
I. Experiments with 2:4-Dibromosulphanilie Acid. 


The acid was prepared by passing air saturated with bromine 
vapour through an aqueous solution of sulphanilic acid. After 
the requisite amount of bromine had been used, the precipitate of 
s-tribromoaniline was removed and the clear filtrate concentrated, 
when nearly colourless crystals of the dibromosulphanilic acid were 
obtained. 


A. Displacement of the Sulphonic Acid Group by Bromine. 


The theoretical amount of bromine water was added to a well 
stirred aqueous solution of 0°4008 gram of potassium 2 :4-dibromo. 
sulphanilate, NH,°C,H,Br,°SO,;K, at the ordinary temperaturé 
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(23—26°). The precipitate of tribromoaniline was removed, 
washed with water, and dried in the air until constant. The pre- 
cipitate weighed 0°353 gram, and the melting point was 110° 
This corresponds with a 98°6 per cent. yield of tribromoaniline, the 
melting point of which is 119°4°. 

In some of these experiments the filtrate from the tribromo- 
aniline was tested for sulphuric acid, and the amounts found 
varied from 90 to 106 per cent. of the theoretical value. 

The theoretical amount of freshly prepared potassium hypo- 
bromite solution (1 mol.) was gradually added to an aqueous solu- 
tion of 0°512 gram of the dibromo-acid and the precipitate treated 
as before. The weight of the precipitate was 0°426 gram, and its 
melting point 118—119°. This corresponds with a 90 per cent. 
yield. 

A solution of 0°5462 gram of the dibromo-acid containing a 
slight excess of potassium bromate and potassium bromide was 
gradually acidified with sulphuric acid and the precipitated tri- 
bromoaniline removed. The weight was 0°49 gram, and the melt- 
ing point 116—118°, corresponding with a 97 per cent. yield. 


B. Displacement of the Sulphonic Acid Group by Chlorine. 


The action of chlorine water on aqueous solutions of the free 
2:6-dibromosulphanilic acid and of its potassium salt was studied, 
but definite products could not be isolated, only small amounts 
of dark brown precipitates. 

A crystalline product was obtained by adding the theoretical 
amount (2 mols.) of a standard solution of chlorine in glacial 
acetic acid to a solution of the dibromo-acid in a mixture of water 
and glacial acetic acid (1:8). This crystalline product melted at 
97—99°, whereas 4-chloro-2:6-dibromoaniline melts at 95°5°, and 
the yield was 83 per cent. of the theoretical. After recrystallisa- 
tion from alcohol the melting point had risen to 103—104° (com- 
pare p. 47). 


C. Displacement of the Sulphonic Acid Group by Iodine. 


An 83 per cent. yield of 2:6-dibromo4-iodoaniline melting at 
147—148° was obtained as follows: 

One and a-half times the theoretical amount of a glacial acetic 
acid solution of iodine monochloride was added to 0°454 gram of 


 —— a | 
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the dibromo-acid dissolved in 6 c.c. of glacial acetic acid and a 
few drops of water. The mixture was warmed and allowed to 
crystallise. A further quantity of crystals was obtained by con- 
centrating the mother liquor. In similar experiments the yields 
varied between 60 and 89 per cent. 

2:6-Dibromo-4-iodoaniline crystallises from glacial acetic acid, 
light petroleum (b. p. 60—80°), or alcohol in glistening white 
needles melting at 147—-148°: 

0°2782 gave 0°4506 AgIl+AgBr, and after treatment with 

chlorine 0°3176 AgCl. 
I=33'42; Br=42°61. 
C,H,NBr,I requires I1=33°68; Br.=42°42 per cent. 

2:6-Dibromo-4-iodoacetanilide——A 90 per cent. yield of the 
monoacetyl derivative can be obtained by using Smith and Orton’s 
method of acetylation (T., 1908, 98, 1242). It crystallises from 
alcohol in colourless needles melting at 246—247°: 

0°2240 gave 0°3264 AgI+ AgBr. 

C,H,ONBr,I requires AgI + AgBr=0°3264. 

2 :6-Dibromo-4iododiacetanilide, C,jH,O,NBr,I, prepared by 
Smith and Orton’s method (loc. cit.), crystallises from alcohol in 
small needles melting at 166—167°. 


Il. Experiments with 4:6-Dibromoaniline-2-sulphonic Acid. 


Bromoaniline-o-sulphonic acid was prepared by Kreis’s method 
(Annalen, 1895, 286, 380), and was further brominated in the 
same manner as sulphanilic acid (p. 45). The dibromo-acid 
crystallises anhydrous in small, rhombic crystals, or with 1H,O in 
prismatic crystals. 


A. Displacement of the Sulphonic Acid Group by Bromine. 


The experiments made were similar to those in which the 
isomeric 2:6-dibromoaniline-4-sulphonic acid was used (p. 43). 
The yield of tribromoaniline in these experiments varied from 92 
to 98 per cent., and the melting point of the uncrystallised pro- 
duct from 115° to 119°. 


B. Displacement of the Sulphonic Acid Group by Chlorine. 


The calculated amount of a glacial acetic acid solution of 
chlorine was added to a warm solution of 0°348 gram of the 
dibromo-orthosulphonic acid dissolved in a mixture of 2 c.c. of 
water and 4 c.c. of glacial acetic acid. On cooling, colourless 
crystals melting at 100—104° were deposited, and on pouring into 
water a pink precipitate (m. p. 95—-96°) was obtained. The total 
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weight was 0°190 gram. The melting point of pure 2-chloro-4:6. 
dibromoaniline is 99°. 

Further experiments in which a slight excess of chlorine solu- 
tion was added were made. The yields were respectively 78 and 
75 per cent., and the product after crystallisation from alcohol 
melted at 105—106°. 

Attempts to prepare pure 2-chloro-4:6-dibromoaniline by the 
chlorination of 2:4-dibromoaniline were also fruitless, crystalline 
products melting at 105—106°, or after three crystallisations from 
aleohol at 110—111°, being obtained. 


C. Displacement of the Sulphonic Acid Group by Iodine. 


One and a-half times the theoretical amount of a glacial acetic 
acid solution of iodine monochloride was added to a warm solv- 
tion of 0°325 gram of the dibromo-acid in 2°5 c.c. of water and 
5 c.c. of glacial acetic acid. On cooling, a 41°6 per cent. yield 
of a crystalline product melting at 123—124° was obtained. 

By using twice the theoretical amount of iodine monochloride, 
15 c.c. of water, and 5 c.c. of glacial acetic acid for dissolving 
the dibromo-acid, and, after removal of the crystals, pouring the 
filtrate into water, a total yield of 88°5 per cent. was obtained. 

4:6-Dibromo-2-iodoaniline crystallises from alcohol or glacial 
acetic acid in glistening needles melting at 124—125°: 

0°2090 gave 0°3402 AgIl+AgBr, and after treatment with 

chlorine 0°2387 AgCl. 

I=32°04; Br=43°98. 

C,H,NBr,I requires 33°68; Br=42°42 per cent. 


4:6-Dibromo-2-iodoacetanilide crystallises from alcohol in 
slender, feathery needles melting at 237°: 
0°2180 gave 0°3180 AgI + AgBr. 
C,H,ONBr,I requires AgI + AgBr=0°3178 per cent. 


Ill. Experiments with 2:4:6-Tribromoaniline-3-sulphonie Acid. 


The theoretical amount of bromine water was added to an 
aqueous solution of the tribromoacid, but no precipitate of a 
brominated aniline was obtained, and even after remaining for 
some time the amount of free bromine present in the solution 
corresponded with the amount originally added. 

Similar experiments were made by using acidified hypobromite 
and acidified potassium bromide-bromate mixture, but with 
negative results. 

By the action of chlorine dissolved in glacial acetic acid or of 
iodine monochloride a substituted aniline could not be isolated. 


su] 
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IV. Comparative Experiments on the Displacement of the 
Sulphonic Acid Group by Bromine in Aniline-o- and p- 
Sulphonic Acids. 


The experiments were made by using dilute (namely, 1 per 
cent.) aqueous solutions of the respective acids and running in 
the theoretical amount (2 mols.) of carefully standardised bromine 
water from a burette, the point of which dipped under the surface 
of the sulphonic acid solution in order to avoid loss of bromine 
vapour. If the reaction proceeds normally, then the only product 
should be the corresponding dibromoaminosulphonic acid, but if 
the sulphonic acid group is removed a precipitate of tribromo- 
aniline is obtained. In all cases the formation of a precipitate 
was observed, but only towards the end of the addition of the 
bromine water. In each experiment the precipitate was removed, 
washed, dried, and weighed. During the addition of bromine 
water the solutions were kept well agitated by means of a 
mechanical stirrer. The result of a large number of experiments 
is to show that in the case of sulphanilic acid the following factors 
affect the yield of tribromoaniline to a very slight extent only: 
(2) Temperature: the range examined was from 0° to 44°; (4) rate 
of addition of bromine solution; (c) rate of stirring; (d) exposure 
to light. 

The following results were obtained with a solution of bromine 
containing 0°01433 gram of bromine per c.c., and using 50 c.c. of 
the 1 per cent. solutions of the sulphonic acids: 


Ortho-acid Para-acid 
Tribromoaniline. Tribromoaniline. 
Gram. Gram. 
0-1688 0-0914 
0-1824 0-0710 
0-1916 0-0202 
0-1918 0-0214 


The following results were obtained by adding the theoretical 
quantity of standard hypobromite to solutions of the sulphonic 
acids acidified with hydrochloric acid: 


Ortho-acid. Para-acid. 


Gram. Gram. 
0-1336 0-0214 
0-0774 0-0298 
0-0612 0-0068 


The results appear to justify the conclusion that the ortho- 
sulphonic acid group is relatively more reactive than the para. 


V. Experiments with Dibromoaniline-o- and -p-Carbozylic Acids. 


As the carboxylic acids are extremely sparingly soluble in water, 
solutions of their ammonium salts were used. 0°445 Gram of 
VOL. CXI. D 
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4:6-dibromoaniline-2-carboxylic acid was dissolved in excess of 
ammonia solution, and bromine water added gradually, care being 
taken that the solution was always alkaline. Considerably more 
than the theoretical amount of bromine was required, as part was 
used up in oxidising the ammonia to nitrogen. An 84 per cent. 
yield of s-tribromoaniline, somewhat discoloured and with the low 
melting point 111—113°, was obtained. 

A further experiment was made by dissolving 0°261 gram of the 
same acid in excess of ammonia and mixing the solution with 
an excess of potassium bromide and bromate. Dilute sulphuric 
acid was added and then dilute ammonia, and these additions were 
alternated until the addition of sulphuric acid produced no further 
precipitate. The repeated addition of ammonia was to dissolve 
the dibromoamino-acid precipitated, together with tribromo- 
aniline, on the addition of sulphuric acid. A 91 per cent. yield 
of almost pure tribromoaniline melting at 118—119° was obtained. 

Action of Chlorine.—0°36 Gram of the dibromo-o-amino-acid 
was dissolved in 5 c.c. of glacial acetic acid and the theoretical 
amount of an acetic acid solution of chlorine added. No crystals 
separated after being kept for some time, so the solution was 
poured into excess of water and the resulting precipitate treated 
with dilute ammonia in order to remove any undecomposed acid. 
The portion insoluble in ammonia melted at 95—97°, and after 
crystallisation from light petroleum gave a fraction melting at 
103—105°, indicating the formation of mixtures similar to those 
obtained from the dibromoamino-o-sulphonic acid and chlorine 
(p. 47). 

Similar results were obtained when the corresponding 2:6- 
dibromoaniline-4-carboxylic acid was used. 0°362 Gram of the 
acid gave a 90 per cent. yield of almost pure tribromoaniline 
melting at 117—119°. 

Definite substances could not be isolated from the products of 
the action of chlorine on the above acid. In most cases the 
original acid was recovered. 

Experiments on the displacement of the carboxylic acid group 
by iodine in the case of both the ortho- and the para-acids were 
unsuccessful. 

Attempts to displace the carboxylic group in 2:4:6:-tribromo- 
aniline-3-carboxylic acid by bromine were also unsuccessful. 
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ViL.—Relationship between the Physical Properties 
of Isomeric Cobaltammines and the Electro- 
valencies of their Co-ordination Complexes. 


By Rasenpra Lat De. 


Accorpine to Richards (J. Amer. Chem, Soc., 1914, 36, 2417), 
elements are compressible substances, and he has shown from 
indirect evidence that chemical affinity is responsible for the con- 
traction in volume which occurs when two different elements form 
a compound. Thus, according to him, chemical affinity, instead of 
merely holding the atoms together, exerts pressure in their inter- 
action. The primary object in undertaking the work described 
below was to study the chemical affinity (valency) in connexion 
with this attractive force. 

The above-mentioned attractive force is directly connected with 
molecular volume (that is, density), and attempts have been made 
to study the influence of these forces by determining the densities 
of a few isomerides of a complex cobalt compound. 

The isomerides chosen were: 


(i) Triamminecobalt nitrite, [(H,N),;Co(NO,).]. 
(ii) Dinitrotetra-amminecobalti-tetranitrodiamminecobaltiate, 
‘c,, (NO,), |! ‘c,(Nv,), |! 
Leofwntys | ~ [Conn | 
(ul) Hexa-amminecobalti-hexanitrocobaltiate, 
[Co(NH3)¢]"* —[Co(NO,)¢]™ 
For the sake of comparison, double the molecular formule of 
the isomeride (i) will be taken. It will, then, be observed that 
the number of NH;-groups, NO,-groups, and cobalt atoms is the 
same in the case of all the isomerides. Moreover, the number of 
auxiliary valencies in them is the same, but, on account of a 
difference in the number of NH,- and NO,-groups around the 
respective cobalt atoms, there is a variation in the number of 
electro-valencies. In the isomeride (i) there is an absence of 
electro-valency, in (ii) there is only one electro-valency, whilst in 
(iii) there are three. Now if chemical affinity (valency) exerts an 
attraction, the densities of the isomerides, according to the hypo- 
thesis of compressible atoms, ought to increase gradually as we 
pass from (i) to (iii), for the number of electro-valencies has 
increased in the isomerides in the same order. It will be seen 
later that such a gradual increase in density has been found to 
occur. 
In preparing these isomerides, it was noticed that their solu- 
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bilities differed appreciably from one another. It was therefore 
desirable to make quantitative measurements of this property in 
order to find a relation between electro-valency and _ solubility. 
The results of these measurements go to show that the solubility 
of the isomeride decreases as the number of its electro-valencies 
increases. 

EXPERIMENTAL, 


Triamminecobalt Nitrite—This was prepared according to 
Jérgensen’s method (Zeitsch. anorg. Chem., 1896, 18, 172). The 
salt obtained was a crystalline, brownish-yellow substance. Its 
constitution was determined by Werner, who has shown from con- 
ductivity measurements that it is non-ionisable (Zeitsch. physikal. 
Chem., 1893, 12, 35; 1896, 21, 227). To confirm Werner’s state- 
ment, an aqueous solution of the salt was added to a ferric hydr- 
oxide sol; no precipitate could be detected; the salt was therefore 
a non-electrolyte. 

The cobalt in the compound was estimated as sulphate, and the 
total nitrogen was determined by Dumas’s method. As regards 
nitritic nitrogen, although Jérgensen (/oc. cit.) has stated that 
he was able to estimate it by simple titration with potassium per- 
manganate, it was found impossible to do so, mainly owing to its 
sparing solubility. The salt was therefore heated with potassium 
hydroxide to expel ammonia, the cobalt precipitated as oxide, and 
the nitro-groups converted into nitrite. The solution was then 
filtered, and the filtrate made up to a definite volume. The amount 
of nitrite was determined by titration with permanganate, and 
also calculated from the volume of nitrogen evolved when the 
solution was treated with carbamide in a nitrometer. (Found: 
Co=23'67; N=33°'22; NO,=18'12. Cale.: Co=23°76; N=33'86; 
NO,=18°55 per cent.) 

Dinitrotetra-amminecobalti-tetranitrodiamminecobaltiate. — This 
compound exists in two stereoisomeric forms. One was prepared 
by double decomposition of potassium tetranitrodiamminecobaltiate, 
K[Co(NO,),(NHs3)2|, with flavocobalt nitrite (1 :2-dinitritotetra- 
amminecobalt nitrate, [Co(NH,),(NO,),]NO;, and the other with 
croceocobalt chloride (1:6-dinitritotetra-amminecobalt chloride, 
[Co(NH;),(NO,),|Cl, according to the equation given below 
(Jorgensen, loc. cit.) : 

K[Co(NO,),(NH,)o] etn 
NO»), “Col NOs) « 
Leotwnty,| — [otra | + 
where X=acid radicle. (Found: for 1:2-derivative, Co=23'51, 
N =33°19, NO,=18°82; for 1:6-derivative, Co=23°62, N=33°52, 
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NO,=18°48. Cale.: Co=23°'76; N=33°86; NO,—18°55 per cent.) 

Heva-amminecobalti-hexanitrocobaltiate.—This compound was 
prepared by double decomposition of luteocobalt chloride (hexa- 
amminecobaltic chloride, [Co(NHzg),|Cl, with sodium  cobalti- 
nitrite according to the equation given below (Jérgensen, /oc. cit.) : 


[Co(NH,),]Cly + Na,[Co(NO,),] = 
[Co(NH,),]""-[Co(NO,),]" + 3NaCl. 


(Found: Co=23°54; N=32°98; NO,=18°02. Cale.: Co=23°76; 
N=33°86 ; NO,=18°55 per cent.) 


Determination of Density. 


The densities of the isomerides were determined at 32—33°, 
compared with water at 4°, and with xylene as a filling liquid, in 
the same way as was done in the case of the hyponitrites (T., 1916, 


109, 128). 


In the following table are given the densities and molecular 


volumes of the isomerides: 
Mol. vol. = 
Mean Mol. wt. 


Name of isomeride. Density. density Density 
2-0007 

2-0009 | 2-0006 248-0 
2.0001 | 

2-0348 | 

2-0323 | 
2-0300 
0305 
-0280 2-0291 244-5 
‘0287 

‘0605 

-0621 | 2-0626 240-5 
2.0652 | 


Triamminecobalt nitrite 


1 : 2-Dinitrotetramminecobalti- 9.0324 244.9 
tetranitrodiamminecobaltiate laa pee 
1 : 6-Dinitrotetramminecobalti- 
tetranitrodiamminecobaltiate 


Hexamminecobaltihexanitroco- 
baltiate 


See 


bo bo bo bo bo bo 


For the sake of comparison, twice the usual molecular formula 
has been employed in the case of triamminecobalt nitrite. The 
densities of  1:2-dinitrotetra-amminecobalti-tetranitrodiammine- 
cobaltiate and its stereoisomeride are practically equal, but the 
table shows that the density increases as we pass from triammine- 
cobalt nitrite to hexa-amminecobalti-hexanitrocobaltiate. Further, 
from the data of molecular volumes, it will be noticed that the 
difference between the molecular volume of triamminecobalt nitrite 
and that of dinitrotetra-amminecobalti-tetranitrodiamminecobaltiate 
is about 4, which is also practically the difference for hexa-ammine- 
cobalti-hexanitrocobaltiate and  dinitrotetra-amminecobalti-tetra- 
nitrodiamminecobaltiate. 

The difference in the number of electro-valencies of triammine- 
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cobalt nitrite and dinitrotetra-amminecobalti-tetranitrodiammine. 
cobaltiate is 1, whilst in the case of hexa-amminecobalti-hexanitro- 
cobaltiate and the latter compound it is 2. If the contraction of 
molecular volume had been proportional to the number of electro. 
valencies in the isomeride, the difference between the molecular 
volume of hexa-amminecobalti-hexanitrocobaltiate and that of 
dinitrotetra-amminecobalti-tetranitrodiamminecobaltiate would 
have been doubled. The decrease in molecular volume, however, 
along with the increase in the number of electro-valencies, seems 
to indicate that chemical affinity (valency) exerts an attraction. 

From compressibility measurements, Richards (Joc. cit.) has 
calculated the amount of contraction which an alkali metal under. 
goes during the formation of its chloride. The contractions are 
recorded below in order to compare them with those of the above 
isomerides. 


Hypothetical contraction 
of metal — 
Alkali metal. on combination. 


PNY cs sdldecs \dkdas hee ie obiA beds 
Sodium 


se 


1t will be noticed that the contraction for lithium is small, and 
is comparable with the small contractions found in the isomerides. 


Solubility Determinations. 


The isomerides were only sparingly soluble in water, so that the 
determination of their solubilities from the amount of cobalt dis- 
solved in the solutions could not be trusted. The amount of the 
compound dissolved was therefore determined from the estimation 
of ammonia combined with cobalt atoms in the compound. The 
substance was shaken with a small quantity of water for some 
time until a saturated solution was obtained. The solution was 
then filtered, and to a definite amount of the filtrate sodium hydr- 
oxide was added. Ammonia, which was then distilled off, was 
absorbed in sulphuric acid of known strength, and was estimated 
by nesslerisation and also by titration of the acid in the receiver 
when possible. Water, free from ammonia, was always used in 
these experiments. 

The solubilities of the isomerides were determined at the ordinary 
temperature. The data are given below: 
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Ammonium Weight of 

chloride found isomerides 

in 1 litre of dissolved 

the solution. in 1 litre. 
Name of isomeride. Grams. Mean value. Grams. 
Triamminecobalt nitrate { to \ 1-8645 2-8820 


1:2-Dinitrotetra-amminecobalti- _{ 2.3806) : 3.6800 
tetranitrodiamminecobaltiate.. \ 2-3890 | 

1:6-Dinitrotetra-amminecobalti- { 0-2564\ . 0-3977 
tetranitrodiamminecobaltiate.. 0:2579 f 

Hexa-amminecobaltihexanitroco- red : 0-0215 
baltiate 0-0148 — 


The ratio between the solubilities of triamminecobalt nitrite and 
1 : 6-dinitrotetra-amminecobalti-tetranitrodiamminecobaltiate is 
73:1, and that between the solubilities of the latter compound 
and hexa-amminecobalti-hexanitrocobaltiate is 18°5:1. The ratio 
between the solubilities of 1:2-dinitrotetra-amminocobalti-tetra- 
nitrodiamminecobaltiate and its stereoisomeride is 9°3:1. This 
great difference in the solubilities of the stereoisomerides is prob- 
ably due to the difference in their spacial configurations. 


NO, 


NH, —|— NH, 
Co 


NH, | NH 8 
NO, 
Flavocobalt radicle. Croceocobalt radicle. 


(1 2-Dinitrotetra-ammine- (1: 6-Dinitrotetra- 
cobalt radicle.) amminecobalt radicle.) 


It will be observed that in the flavocobalt radicle the two nitro- 
groups are in contiguous positions, whilst in the croceocobalt 
radicle they are widely apart from each other. In organic sub- 
stances, acid radicles in contiguous positions have been found to 
impart greater reactivity to the compound. The high solubility 
of the isomeride obtained from flavocobalt nitrate in comparison 
with that of its isomeride obtained from croceocobalt chloride may 
therefore be due to the contiguous positions of the two nitro- 
groups in the flavocobalt radicle of the former compound. Except- 
ing the abnormal behaviour of the isomeride obtained from flavo- 
cobalt nitrate, the solubilities of the isomerides will be observed to 
decrease as the number of electro-valencies in them increases. 

For studying the change which is produced by valency alone, 
these isomerides are very suitable, as the physical properties 
possessed by elements and groups of elements in them remain the 
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sume. The author therefore wishes to continue his investigations 
in this line, employing isomerides of other complex compounds. 


In conclusion, my thanks are due to Prof. P. C. Ray for the 
encouragement I received from him during the above investigation, 


CHEMICAL LABORATORY, 


PRESIDENCY COLLEGE, 
CALCUTTA. [Received, December 21st, 1916.] 


VIIL—Spinacene: A New Hydrocarbon from certain 
Fish Inver Oils. 


By A. CHaston CHAPMAN. 


In September, 1915, a sample stated to consist of cod-liver oil was 
submitted to me with the request that I would report on its 
genuineness. In the course of its examination, the following results 
were obtained : 

Specific gravity (15°/15°) 

Saponification value 

Iodine value (Wijs) pceebedssiepiolenaieund 

Unsaponifiable matter 89-1 per cent. 

Iodine value of unsaponifiable matter 376-2 

Free fatty acid (as oleic acid) 0-42 per cent. 

Bromine precipitate insoluble in ether 76-5 ,, 

I reported that the sample consisted of a mixture of approxim- 
ately 89 parts of some unsaturated hydrocarbon oil with 
approximately 11 parts of some fish oil. Whilst it was clear that 
I could not have arrived at any other conclusion as to the general 
composition of the sample, the analytical numbers perplexed me 
very greatly. I knew of no hydrocarbon or other unsaponifiable 
substance having the iodine value and the other properties which 
this appeared to possess, and I began to wonder whether the sample 
might not be an abnormal, and not an adulterated, specimen of 
oil. I therefore decided for my own satisfaction to submit it to a 
systematic investigation. 

As bearing on the origin and authenticity of this sample, it is 
necessary to follow the history of the oil a little further before 
describing the results of its chemical investigation. 

Some weeks after the work had commenced, I received a copy of 
a report which greatly stimulated my interest in the matter. The 
vendors of the oil in Lisbon repudiated the suggestion that it was 
not genuine, and submitted a sample to Dr. Hugo Mastbaum of 
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that city, who obtained results similar to mine and expressed the 
same opinion. As the vendors were still not satisfied, they sub- 
mitted portions of the fish livers to Dr. Mastbaum, who again 
obtained similar results with the expressed oil. Finally, Dr. Mast- 
baum witnessed the actual extraction of the livers of two different 
species of fish from which the oil in question had been derived. 
These fish, which will be referred to more fully below, appear to 
be known in Portugal as “ Barroso” and “Carocho”’ respectively. 

The fish, according to Mastbaum, were about 1 metre in length, 
were quite fresh, and the livers were “smooth and oily, and when 
pricked with a knife, considerable quantities of oil immediately 
separated, the bulk of the liver substance being transformed in 
the course of a few hours into an oily liquid.” 

In a subsequent communication (Chem. Zeit., 1915, 39, 139, 889), 
the following results are given by Mastbaum for these two samples 


of oil : 
** Barroso.” ** Carocho.” 
Specifie gravity (15°/15° ) 0-8711° 
Butyro-refractometer at 25°......... 93 
Polarisation in 200 mm. tube —0-3 — 2-33 
fstill liquid becomes turbid 
1 ab = ah —T* 
Saponification value 15-4 36-7 
Free acids (calculated as oleic acid) 0-097 per cent. 0-165 per cent. 


Solidification point 


Until quite recently I was unaware that Dr. Mastbaum had 
published this note, and I therefore wrote to him pointing out 
that I had completed the first part of an investigation of the oil 
and asking him to give me any information he could in reference 
to its origin. He replied informing me that the oil in question 
was obtained from the two species of fish above referred to, and 
added the information that, according to a standard Portuguese 
dictionary, the scientific descriptions of the above fish are Centro- 
phorus granulosus and Scymnus lichia respectively. He also 
informed me that these fish are caught in deep water off the 
Moroccan coast, and that they have only come into the Portuguese 
market since the employment of steam trawling in those fishing 
grounds. He suggests that it is owing to this fact that the exist- 
ence of fish-liver oils containing so large a proportion of unsaponi- 
fiable matter has hitherto escaped observation. 

Assuming that the fish in question were not in any way 
abnormal, the existence of liver oils containing nearly 90 per cent. 
of an unsaturated hydrocarbon is a matter of very considerable 
interest both from the analytical and from the physiological points 
of view. The fact that samples of oil having approximately the 
same composition were derived from fish which had been caught 
during periods extending over several weeks, and the fact that the 

p* 
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consignment represented by the sample submitted to me amounted 
to nearly 5000 litres, must, I think, be regarded as tending to 
negative any suggestion of abnormality. 

It may be recalled that cod-liver oil rarely contains more than 
2 per cent. of unsaponifiable matters, and that, according to 
Lewkowitsch, liver oils obtained from coal-fish, tunny, skate, ling, 
haddock, and hake rarely contain more than about the same 
amount. On the other hand, shark-liver oil appears to contain in 
some cases as much as 20 per cent., which has been stated to 
consist largely of cholesterol. In this connexion, it is of interest 
to note that the two fish above referred to belong to the Spinacidz 
or Squalide, a family of the Selachoidei, or sharks. 


EXxPERIMENTAL. 


The sample of oil, weighing 330 grams, was heated on the water- 
bath with sufficient sodium hydroxide dissolved in alcohol to effect 
the complete saponification of the saponifiable portion. After 
evaporating the alcohol, the residue was heated for some time with 
water, and the unsaponified oil extracted by shaking with ether. 
The ether was distilled off, and the remaining oil was heated in a 
current of steam until the aqueous distillate was free from odour. 
The oil, which did not show any tendency to distil with the steam, 
was again extracted with ether, the solution dried over calcium 
chloride, and the ether removed by distillation. The residual oil 
was then submitted to fractional distillation under a pressure of 
10 mm., with the following results: 

264—268° 
268—-269° 
269—270° 

The residue in the flask, weighing about 10 grams, was very 
viscous and dark coloured. 

From the first fraction there separated on keeping a small 
quantity of solid, which proved to be cholesterol. 

The main fraction gave, on analysis, numbers which indicated 
that it was a hydrocarbon with a small quantity of some oxygen- 
containing impurity, the percentages of carbon and _ hydrogen 
amounting to 99°6. <A preliminary experiment having shown that 
metallic sodium was without action on the hydrocarbon, this frac- 
tion was distilled over sodium under diminished pressure. There 
was a little action at first, but this soon ceased, and the melted 
sodium remained quite bright throughout the distillation. 

The main fraction so obtained consisted of a colourless and 
fairly mobile oil having a faint and pleasant odour suggestive of 
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lemon oil terpenes. It burned with a smoky flame, producing a 
terpene-like odour. It boiled at 280° (corr.)/17 mm.: 

0°1381 gave 0°4438 CO, and 0°1555 H,O. C=87°63; H=12°51. 

0135 , 04344 CO, ,, 0°154 H,O. C=87'74; H=12°67. 

The following results represent the average of five analyses: 

C=87'75; H=12°45. 

Cy)H;9 requires C=87°80; H=12°20 per cent. 

The average of four series of estimations by different observers 
of the molecular weight as determined by the depression of the 
freezing point in benzene solution was 375, whilst C,,H;9 requires 
410. It will be seen, therefore, that the determined molecular 
weight agrees more closely with the formule C,,H,, or CygH4,, with 
which the analytical results would also correspond. On the other 
hand, the analyses of the crystalline hexahydrochloride and of the 
bromine derivative are in better agreement with the higher mole- 
cular formula. Assuming that the results obtained by the cryo- 
scopic method as applied to this hydrocarbon are normal, there 
would appear to be a discrepancy which cannot at present be 
explained. I would point out that the saturated hydrocarbon 
gives numbers agreeing better with one of the lower molecular 
formule than with the higher. 

This hydrocarbon does not appear to be identical with any 
known hydrocarbon, and I propose for it the name spinacene, since 
both Centrophorus granulosus and Scymnus lichia belong to the 
natural family of the Spinacide. It is optically inactive, and does 
not solidify when cooled to — 20°. 

Its specific gravity at 15°/15°=0°8641, and at 20°/20°=0°8616. 

The following are the results of determinations of its index of 
refraction at 20°: 


nHa=1°4932 
nD =1°4967 
nH B=1°5054 
nH y = 1°5130. 


At 15°, its index of refraction for the D-line is 1°4987. Its 
n? —] 


(n? + 9)d expression, is 0°3394, 


specific refraction, calculated by the 


and the molecular refraction 139°1. 
Taking Conrady’s average numbers for the atomic specific refrac- 
tions (D-line), Cy,H,;) with six ethenoid linkings requires 137°7. 
Employing the n? formula, the specific dispersive power of 
spinacene, ry —ra, is 00114, and its molecular dispersion (ry —ra)M, 
4°67. Taking Eisenlohr’s numbers for the atomic dispersions for 
the a- and the y-hydrogen lines, the calculated number is 4°33. It 
D* 2 
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will be seen, therefore, that the molecular dispersion, like the 
molecular refraction, is high. In this connexion, it is worthy of 
note that both the molecular refraction and the molecular dis 
persion of the saturated hydrocarbon obtained from spinacene, and 
described later, agree well with the calculated numbers. 

Viscosity (Time of Efflux).—Fifty c.c. of spinacene required 
78 seconds to flow through the aperture of a Redwood viscometer 
at 21° as compared with an average of 370 seconds for rape oil. 

Absorption of Oxygen.—1°662 Grams of spinacene were exposed 
in a flat-bottomed glass dish to an atmosphere of oxygen at the 
ordinary temperature. At the end of two months the hydrocarbon 
had absorbed 0°397 gram of oxygen, and had become so viscous 
that it would not flow. Thin films of the hydrocarbon when 
exposed to the air formed a hard skin similar to that given by 
linseed oil. 


Action of Hydrogen Chloride. Spinacene Hexahydrochloride, 
C,H; 9,6HCI. 


Dry hydrogen chloride was passed into a well-cooled solution 
of spinacene in dry ether until the liquid appeared to be saturated. 
After remaining for some hours, a quantity of a well crystalline, 


colourless solid separated. This was collected, washed with ether, 
and dried in an exhausted desiccator over sulphuric acid and solid 
sodium hydroxide. 

More of the solid separated from the filtrate after keeping for 
twenty-four hours, and when this was removed, a further quantity 
formed on remaining for several days. When heated with any 
of the liquids ordinarily employed for purposes of purification, the 
substance appeared to undergo decomposition, but it could be 
crystallised from a cold mixture of benzene and alcohol. From this 
solvent it separates in well-defined plates, together with some 
needles, the substance being polymorphous: 

0°1058 gave 0°2242 CO, and 0°0847 H,O. C=57'78; H=889. 

0°20 »  0°2727 AgCl. Cl=33°81. 

0°25 » 03402 AgCl. Cl=33°75. 

C3)H59,6HCl requires C=57'23; H=8°90; Cl=33°86 per cent. 

When heated, the hexahydrochloride commences to shrink at 
108°, and begins to melt at 110°. On raising the temperature to 
about 140°, hydrogen chloride is freely evolved. 

In a future communication I hope to deal with the nature of 
the hydrocarbon left when the elements of hydrogen chloride are 
removed from the compound, either by heating or by the action 
of reagents. 
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I propose also to investigate more closely the properties of 
spinacene from the point of view of its saturation with other 
elements or groups. In particular, the action of ozone is being 
studied, as it is expected that this will throw considerable light on 
the constitution of the hydrocarbon. 


Spinacene Trihydrochloride, Cy,H59,3HCl. 


A current of dry hydrogen chloride was passed through a 
thoroughly cooled solution of spinacene in ether. As soon as the 
hydrogen chloride appeared to be in excess, the solution was set 
aside for twenty-four hours, and the resulting crystalline hexa- 
hydrochloride removed by filtration. The ethereal filtrate was 
shaken with sufficient aqueous solution of sodium carbonate to 
remove the excess of hydrogen chloride, and was then washed with 
water, dried, and evaporated under diminished pressure without 
the application of heat. A viscous oil remained, together with a 
little of the crystalline hexahydrochloride. The residue was dis- 
solved in the smallest possible quantity of dry ether, and filtered 
in order to separate the crystals. 

The ethereal solution, after treatment with a little charcoal, 
was transferred to a desiccator, and the ether allowed to evaporate 
under diminished pressure. The residue consisted of a pale yellow, 
viscous oil having a specific gravity 18°/18°=1°0137. It is of 
interest to note that when in one experiment the ethereal solu- 
tion was treated with sodium carbonate solution immediately after 
its saturation with hydrogen chloride, the resulting oil contained 
but little chlorine. It is evident, therefore, that the formation of 
even the trihydrochloride requires some appreciable time for its 
completion : 

0°2607 gave 0°2408 AgCl. Cl=22°90. 

Cy ,H59,3HCl requires Cl=20°5 per cent. 

The excess of chlorine is due to the impossibility of separating 
the hexahydrochloride completely, as on keeping a little of the 
crystalline substance always separates from the oil. When the 
trihydrochloride is dissolved in ether and the liquid saturated with 
hydrogen chloride, the crystalline hexahydrochloride is formed. 


Action of Bromine. 


The action of bromine on spinacene is somewhat complicated, 
since not only does the saturation of the double bonds appear to 
take place in two stages, but substitution derivatives are 
simultaneously formed. Even when a dilute solution of bromine 
in dry ether or in carbon tetrachloride is added slowly to a dilute 
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solution of spinacene in the same solvents at a temperature of 
—10°, hydrogen bromide is formed in considerable quantity from 
the very beginning. 

The following experiments will illustrate this behaviour. A 
solution containing 0°445 gram of bromine in 25 c.c. of carbon 
tetrachloride was added to 20 c.c. of a solution containing 0°1996 
gram of spinacene in the same solvent. Both solutions were well 
cooled in a freezing mixture, and immediately after the addition 
the excess of bromine was determined by titration with sodium 
thiosulphate after the addition of potassium iodide in the usual 
-way. It was found that 0°39 gram of bromine had entered into 
the reaction, corresponding with 10 atoms of bromine for one 
molecule of spinacene. 

This experiment was repeated, with a similar result. 

In the next experiment, 50 c.c. of the bromine solution (0°89 
gram of bromine) were added to the same volume (20 c.c.) of the 
spinacene solution, and the excess of bromine determined after 
keeping for three hours at the ordinary temperature. 0°1996 Gram 
of spinacene had reacted with 0°566 gram of bromine, correspond- 
ing with rather more than 14 atoms for one molecule. 

In these experiments, hydrogen bromide was given off in 
apparently considerable quantities. 

The following experiments were then made with the object of 
differentiating between the bromine uniting directly with the 
hydrocarbon and the bromine existing as hydrogen bromide formed 
during the operation as the result of substitution. 

The well-cooled bromine solution was run, as before, into the 
well-cooled solution of spinacene in carbon tetrachloride in an 
apparatus so arranged as to permit of the estimation of the 
hydrogen bromide formed. To 0°2007 gram of spinacene 0°557 
gram of bromine was added. Immediately after the addition, 
it was found that 0427 gram of bromine had _ reacted, 
of which 0°0673 gram existed as hydrogen bromide. From this it 
will be seen that the weight of spinacene taken has united directly 
with 0°427 —(0°0673 x 2)=0°2924 gram of bromine, which corre- 
sponds with rather more than 7 atoms for one molecule. 

In a further experiment, still more carefully arranged so as to 
prevent the loss of any hydrogen bromide, it was found that the 
amount of bromine with which one molecule of spinacene united 
directly corresponded with 6:7 atoms. 

The above results show that under the conditions obtaining in 
the last two experiments, that is to say, when the temperature 
was kept low, when the solutions of the hydrocarbon and of the 
bromine were dilute, and when the titration of the uncombined 
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bromine was made at once, only three of the six ethenoid linkings 
are saturated. This fact, coupled with the existence of the tri- 
hydrochloride and of the other tri-derivatives referred to below, 
appears to indicate that three of these linkings are differently 
situated in the molecule from the remaining three. The fact that 
the above results are slightly in excess of the six atoms corre 
sponding with three ethenoid linkings may be due to the com- 
mencement of the saturation of the remaining linkings or to the 
union of the spinacene with some of the hydrogen bromide at the 
moment of its formation. The most probable explanation of this 
behaviour with bromine is that three of the ethenoid linkings are 
in the open chain and the remaining three in some ring system. 
This view is supported by the way in which spinacene reacts with 
hydrogen chloride and by some other considerations, which will 
be referred to later. 


Spinacene Dodecabromide, Cy.H;)Brjo- 


When a solution of bromine in dry ether is added to a solution 
of spinacene in the same solvent, the colour of the bromine rapidly 
disappears, and after a time a white, finely crystalline substance 
commences to separate. This was filtered, washed with ether, and 
purified by the cautious addition of alcohol to a solution in tetra- 


chloroethane, when it separated in a crystalline condition. From 
the filtrate, which contained an excess of bromine, a further 
quantity of the same compound separated on keeping for some 
days, and when this was removed some more crystallised on further 
keeping : 

0°1252 gave 0°123 CO, and 0°0416 H,O. C=26°'79; H=3-°69. 

0150 ,, 0°2453 AgBr. Br=69°7. 

CyH,,Brj. requires C=26'°27; H=3°64; Br=70°07 per cent. 

When heated, the substance commences to darken at about 
160°, and melts and decomposes at about 185°. 

It is not appreciably soluble in alcohol or ether, is spaxingly 
soluble in acetic acid, carbon tetrachloride, or chloroform, and is 
moderately soluble in pyridine or trichloroethylene. It was found 
that a portion of the bromide which separates from the ether was 
insoluble in tetrachloroethane, the remainder being freely soluble. 
This contained the same percentage of bromine as the soluble 
portion, so that it would seem that the dodecabromide exists in 
two modifications. 

The compound soluble in tetrachlordethane exhibits the pheno- 
menon of polymorphism, the same microscopical preparation often 
showing needles, plates, and nodules. In some cases, the trans- 
formation of one form into the other, as, for example, the forma- 
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tion of needles from spherical nodules, can be observed. When 
solutions in carbon disulphide are allowed to remain for some time 
they become converted into a jelly. 

The filtrate from the above insoluble bromine derivatives was 
shaken with a slight excess of an aqueous solution of sodium 
hydroxide. The ethereal liquid was washed with water, dried, 
and evaporated under diminished pressure without the applica- 
tion of heat. A viscous oil remained which, on the addition of a 
mixture of light petroleum and alcohol, and stirring with a glass 
rod, gradually solidified. It was purified by crystallisation from 
a mixture of ethyl acetate and alcohol, or from a mixture of 
benzene and alcohol. From the latter solvent it forms colourless, 
spherular masses of radiating needles. 

This contained 63°7 per cent. of bromine, corresponding almost 
exactly with nine atoms of bromine, but owing to the complex 
character of the reactions involved and to the impossibility of 
distinguishing by analysis between additive compounds and those 
in which there has been some substitution, it is inadvisable at the 
moment to assign a definite formula to this derivative. The study 
of this and of other compounds formed during the action of 
bromine is being continued. 


Spinacene Trinitrosochloride, CyjH (NOC). 


Two grams of spinacene were mixed with 5 c.c. of amyl nitrite, 
and to the liquid, cooled to —15°, a mixture of 6 c.c. of hydro- 
chloric acid (D 1°19) and 12 c.c. of glacial acetic acid was added. 
The mixture when vigorously shaken became green, and in a very 
short time almost solid. It was allowed to remain in the freezing 
mixture for one hour, and was then treated with water and 
filtered. 

An attempt was made to crystallise the air-dried substance from 
various solvents, but the heating necessary to bring about solu- 
tion invariably caused decomposition. It was finally obtained in 
a roughly crystalline form by dissolving it in cold tetrachloro- 
ethane, and gradually adding light petroleum, in which it is 
insoluble. 

It forms a pale, buff-coloured substance, which, when dry, is 
moderately stable. The above conditions must be closely followed 
if the solid nitrosochloride is to be obtained, and, as is the case 
with the majority of the compounds of spinacene, the best results 
are got by working with small quantities of substance: 

0°2533 gave 0°1889 AgCl. Cl=18°48. 

0252 =, 164 cc. N, at 20° and 752 mm. N=7°36. 

Cy)H,,O,N;,Cl, requires Cl=17°50; N=6-92 per cent. 
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So far as I am aware, this is the first instance of the prepara- 
tion of a nitrosochloride containing three NOC] groups. The 
excess of chlorine is due to the impossibility of obtaining this 
compound free from a little of the hexanitrosochloride, these com- 
pounds being unstable, and consequently difficult to purify. 


Spinacene Dinitrosochloride Mononitrolmperidide, 


C4, H5o(NOC1),NOC,NH jp. 


When piperidine was added to the solid spinacene trinitroso- 
chloride, the latter dissolved readily with development of heat. 
After heating the solution gently in order to avoid decomposition, 
cold water was added. The precipitated substance was collected, 
dissolved in dilute sulphuric acid, and precipitated by the cautious 
addition of dilute sodium hydroxide solution. It was then 
purified by dissolving it in cold alcohol and precipitating by the 
gradual addition of water. When dry, ii formed a buff-coloured 
substance, which was very readily soluble in dilute acids and in 
the ordinary organic solvents. When heated, it commenced to 
shrink at about 110°, and melted and decomposed at about 146°: 

0°2140 gave 17°0 c.c. N, at 15° and 758 mm. N=9°10. 

Cy;HO,N,Cl, requires N=8°60 per cent. 
This substance forms a crystalline hydrochloride. 

In the above preparation, although the amount of piperidine 
was in excess of that required to react with the three NOC! groups, 
it will be seen that only one was attacked. 


Spinacene Trinitrol piperidide, CagjH»(NOC,;N H,,)s- 


In the preparation of this compound, the nitrosochioride was 
added to a quantity of piperidine in excess of that required to 
react with the three NOCI groups. As before, there was con- 
siderable development of heat, but in this case, as soon as the 
reaction had slackened, the liquid was heated nearly to the boil- 
ing point of piperidine. From the resulting dark brown liquid, 
water precipitated a gummy substance, which was purified by dis- 
solving it in dilute sulphuric acid and precipitating with a dilute 
solution of sodium hydroxide, this operation being repeated three 
times. The resulting substance, which had a pale brown colour, 
was very readily soluble in alcohol, and, unlike the mononitrol- 
piperidide, was not precipitated by the addition of water: 

0°2041 gave 20°4 c.c. N, at 15° and 758 mm. N=11°'52. 

C,;HgO,N, requires N=11°20 per cent. 
When dry- hydrogen chloride was passed into a solution of this 
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compound in ether, a crystalline substance separated, which, how- 
ever, became gummy when attempts were made to dry it. 


Spinacene Dinitrosochloride Mononitrolbenzylamide, 


C,,H,,(NOC1),NO-NH-CH,°C,H;. 


Spinacene nitrosochloride was added little by little to benzyl- 
amine, the latter being in excess of the quantity required to react 
with the three NOC] groups. There was a vigorous reaction, and 
when this had subsided, the mixture was gently warmed and 
allowed to remain at the ordinary temperature for an hour. On 
treating the resulting pasty mass with cold water, a plastic, brown 
substance remained undissolved. This was purified by dissolving 
it in cold alcohol and precipitating it by the gradual addition of 
water, the process being repeated several times. Finally, the 
substance, after drying, was obtained as a buff-coloured powder: 

0°2027 gave 15°4 c.c. N, at 20° and 752 mm. N=8°59. 


01696 ,, O0°076 AgCl. Cl=11°11. 
C7H,,0,N,Cl, requires N =8°27; Cl=10°50 per cent. 


Spinacene Trinitrolbenzylamide, Cy HH (NO*N H-CH,°C,H;)s. 


Spinacene nitrosochloride was treated with an excess of benzyl- 
amine as in the preparation of the preceding compound, but after 
the first reaction had subsided, the mixture was heated to the boil- 
ing point of benzylamine for a few minutes. On the addition of 
water to the resulting dark red solution, a viscous substance 
separated. This was purified by repeated solution in alcohol and 
precipitation with water, and finally by dissolving it in glacial 
acetic acid, diluting with water, and precipitating with ammonia. 

The substance thus obtained had, when dry, a pale yellow colour, 
dissolved readily in dilute acids, and appeared to form a crystal- 
line hydrochloride : 

0°1653 gave 15°8 c.c. N, at 21° and 740 mm. N=10°58. 

C;,H;,0,N, requires N=10-°27 per cent. 

It will be seen that the action of benzylamine on the nitroso- 
chloride is similar to that of piperidine, that is to say, one mole- 
cule of NOC! is much more readily attacked than the remaining 
two. 


Spinacene Hexanitrosochloride, CoyH(NOC1),. 


In the preparation of the trinitrosochloride as described above 
a substance was obtained on one occasion which on analysis was 
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found to give the following results, corresponding approximately, 
as will be seen, with the composition of a hexanitrosochloride: 
0°2381 gave 22°4 c.c. N, at 21° and 754 mm. N=10°62. 

0°2305 , 0°255 AgCl. Cl=27°42. 

CypHgOgNgCl, requires N=10°46 ; Cl=26°52 per cent. 

The experimental conditions attending the preparation of the 
above compound did not differ intentionally from those which in 
other cases resulted in the formation of the trinitrosochloride. 
The percentage of chlorine is high, but the compound is not very 
stable and is difficult to purify. 


Spinacene Nitrosate, CyyHs(NO-NOsg)s. 


A mixture of spinacene with twice its volume of amyl nitrite 
was cooled in a freezing mixture to —15°, and to this solution a 
well-cooled mixture of nitric acid and glacial acetic acid was added 
little by little, with constant shaking. After remaining at the 
above low temperature for one hour, the mixture, which had 
become viscous, was poured slowly into cold water. A yellow 
substance separated, which could not be satisfactorily recrystal- 
lised from any of the ordinary organic solvents. The substance 
is practically insoluble in light petroleum, sparingly soluble in 
ether or carbon disulphide, somewhat more readily soluble in 
aleohol, benzene, chloroform, or carbon tetrachloride, and very 
readily soluble in acetic acid, tetrachloroethane, or acetone. When 
heated, it decomposes at 85°, with the formation of a considerable 
volume of gas. 

When prepared as above described, it consisted of a yellow 
powder, but when kept in a specimen phial for several weeks at 
the ordinary temperature, it underwent gradual decomposition, 
becoming converted into a dark brown, spongy mass: 

0°2704 gave 31°0 c.c. Ny at 19° and 739 mm. N=12°80. 

Cy,H,,O,;.N, requires N=12°30 per cent. 

Many attempts were made to prepare a nitroso- or an isonitroso- 
derivative of spinacene, but without success. When to a solution 
of spinacene in light petroleum cooled to —15° a concentrated 
aqueous solution of sodium nitrite was added, followed by the 
addition of acetic acid, the mixture acquired a bright green colour, 
indicating the formation of a nitroso-compound, but no crystal- 
line substance could be obtained. 


Hydrogenation of Spinacene. 


Fifteen grams of spinacene were introduced into a test-tube 
together with rather more than 1 gram of freshly prepared and 
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very active platinum black. The tube was supported in an air- 
bath, which was so heated that the contents of the tube could be 
maintained at a temperature of 180° to 190° throughout the 
experiment. A slow current of dry purified hydrogen was passed 
through the heated spinacene by means of a piece of glass tubing 
drawn out to a fine orifice, and passing to the bottom of the tube, 
so as to keep the platinum black in a state of suspension. 

The iodine value, which at the commencement of the experi- 
ment was 350 (Wijs’s method), fell rapidly at first and then more 
slowly until, after the hydrogen had been passing for about thirty 
hours, it had fallen to 18, at which point it remained almost 
stationary. The contents of the tube were separated from the 
platinum black and fractionally distilled over metallic sodium 
under 18 mm. pressure. Almost the whole of the liquid passed 
over at 274—275° (corr.) as a perfectly colourless, odourless oil, 
which burned with a smoky flame and a slightly resinous odour: 

0°138 gave 0°431 CO, and 0°1822 H,O. C=85°23; H=14°67. 

Cy pH. requires C=85°30; H=14°70 per cent. 

It will be seen that the above formula is that of a paraffin. 
That this hydrocarbon is not a normal paraffin is shown by the 
fact that it remains liquid when cooled to —20°, and for several 
reasons it seems improbable that it is one of the ¢soparaffins. 


The specific gravity of the hydrocarbon at 20°/20°=0°8172°. 
The following are the results of determinations of its index of 
refraction at 20°: 


nHa=1°4525 
nD =1°4547 
nl7TB=1°4607 
nly =1°4655. 


Employing the nm? formula, the specific refraction of this com- 
pound is 0°3318 and its molecular refraction 140°0. The theoretical 
number for a saturated hydrocarbon having the formula C.,H;, 
is 140°1. 

Its specific dispersion, ry—ra, is 0°0082, and its molecular dis- 
persion 3°46. Taking Eisenlohr’s numbers for the specific atomic 
dispersions of carbon and hydrogen for the a- and y-hydrogen lines, 
the calculated value is 3°47. ; 

The nature of this hydrocarbon, like that of spinacene itself, 
must for the present remain a matter for conjecture. That 
spinacene is a chain compound containing a ring system is exceed- 
ingly probable, but more than this can scarcely be said until the 
oxidation products have been thoroughly studied. As soon as the 
opportunity occurs, I hope to deal as fully as possible with this 


NITRATION OF 2-ACETYLAMINO-3 : 4-DIMETHOXYBENZOIC ACID. 69 


aspect of the subject. I would merely remark that some pre- 
liminary experiments in this direction tend to strengthen the view 
that this hydrocarbon may prove to be in some way related to the : 
terpenes. ' 

Since this communication was submitted to the Society, I have | 
seen a recent paper (J. Ind. Eng. Chem., 1916, 8, 889) by 
M. Tsujimoto dealing with an unsaturated hydrocarbon obtained 
from the livers of certain Japanese sharks, to which he has given 
the name “squalene,” and which, if not identical with spinacene, 
resembles it closely. 


My best thanks are due to my assistant, Mr. Frederick T. Harry, 
and to my late assistant, Dr. B. Ghosh, for valuable help in 
connexion with this investigation. 


8, DuKE StreEgT, ALDGATE, E.C. [Received, November 25th, 1916.] 


IX.—The Nitration of 2-Acetylamino-3 : 4-dimethoxy- 
benzoic Acid and 3-Acetylaminoveratrole. 


By CuarLes STanLey Gipson, JoHN LioNEL SIMONSEN, and 
Mapyar Goparta Rav.* 


In a recent communication (T., 1915, 107, 828), Simonsen and 
Nayak described experiments on the nitration of 3-acetylamino-2- 
methoxytoluene, which were undertaken with the object of 
synthesising 4-nitro-2 :3-dimethoxybenzoic acid. Since the isomeric 
nitroamines obtained could not be converted into the correspond- 
ing nitrophenols, the investigation did not lead to the desired 
result, and it therefore occurred to us that if 6-nitro-3-amino- 
veratrole could be prepared, it would readily yield the required 
acid on displacement of the amino-group by a carboxyl group. 
With this object in view, we have examined the action of nitric 
acid on 2-acetylamino-3 :4-dimethoxybenzoic acid (I) and 3-acetyl- 
aminoveratrole (IV), and although the reaction has not proceeded 
in the manner expected,} it has yielded results of some interest. 


* An abstract of this paper was read at the Third Indian Science Congress 
held in Lucknow on January 14th, 1916. 

+ Since the paper was prepared for publication (March, 1916) we have 
received from Professor Majima a copy of a paper by Majima and Okazaki . 
(Sci. Rep. Téhoku Imp. Univ., 1916, 5, 215) in which the synthesis of 4-nitro- 
2:3-dimethoxybenzoic acid is described. The same authors have also 
shown the 5:6-dinitro-2:3-dimethoxytoluene prepared by Cain and 
Simonsen (loc. cit.) to be the 4: 6-dinitro-isomeride. 
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When 2-acetylamino-3 : 4-dimethoxybenzoic acid (1) was nitrated 
(see p. 74), the sole product of the reaction was found to be 
6-nitro-2-acetylamino-3 :4-dimethoxybenzoic acid (II). The con- 
stitution of this acid was proved by the fact that on hydrolysis 
it lost carbon dioxide and yielded 5-nitro-3-aminoveratrole, which 
on elimination of the amino-group gave 4-nitroveratrole. 5-Nitro- 
3-aminoveratrole has also been obtained in the form of its acetyl 
derivative by the nitration of 3-acetylaminoveratrole (IV), and 
this is probably the simplest method for the preparation of this 
substance. 

When 5-nitro-3-aminoveratrole was diazotised and treated with 
cuprous cyanide, it yielded 5-nitro-2:3-dimethoxybenzonitrile (V), 
which on hydrolysis gave 5-nitro-2:3-dimethoxybenzoic acid (VI). 
This acid was found to be identical in every respect with the acid 
previously described by Cain and Simonsen (T., 1914, 105, 159),* 
and there can therefore be no doubt as to its constitution. 

In view of the discrepancy as to the melting point of 6-nitro-2:3- 
dimethoxybenzoic acid, Perkin and Robinson (T., 1914, 105, 
2390) stating that it melted at 178°5°, whereas Wegscheider and 
Klemene (Monatsh., 1910, 31, 709) gave 189°, we have thought 
it advisable to prepare this acid by the methods given by these 


* The melting point of 5-nitro-2:3-dimethoxytoluene should be read 
75—76°, and not 175--176° as is given in this paper. 
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investigators, and also to compare it with the acid prepared by 
Cain and Simonsen (loc. cit.). We have found that the acid pre- 
pared by any of these three methods melts at 185—186° (corr.), 
and it would therefore appear that the melting point found by 
Perkin and Robinson was somewhat low. 

When 2-acetylamino-3:4-dimethoxybenzoic acid was nitrated 
under conditions slightly different from those which were found 
to give a nearly quantitative yield of the nitro-acid, a substance 
was obtained which decomposed at 241°, and is considered to be 
4:5-dinitro-3-acetylaminoveratrole (VII). This substance was also 
formed, together with an isomeride, 5 :6-dinitro-3-acetylamino- 
veratrole (VIII), when either 3-acetylaminoveratrole (IV) or 
5-nitro-3-acetylaminoveratrole (III) was nitrated with fuming 
nitric acid. 

The constitution of the substance decomposing at 241° was 
proved by the fact that on displacement of the amino-group by 
hydrogen, 4:5-dinitroveratrole was obtained, whilst the constitu- 
tion of the isomeride may be directly deduced from its prepara- 
tion by the nitration of 5-nitro-3-acetylaminoveratrole. 

4:5-Dinitro-3-acetylaminoveratrole was found to be a substance 
of considerable interest. It was soluble in sodium hydroxide or 
barium hydroxide solution, giving a yellow solution, which slowly 
became red on keeping. It was reprecipitated unchanged on the 
addition of dilute acids or on passing carbon dioxide through a 
solution of its salts, so that it behaved like a phenol. So far as 
we are aware, this is the first secondary amine of this type, namely, 
an acetylamine, which has been found to possess this property of 
forming salts. Other secondary amines soluble in alkali are, of 
course, well known, and we may mention as an example picryl- 
aniline and even picrylmethylaniline (compare T., 1906, 89, 583; 
Ber., 1910, 48, 1549), although the latter belongs to a somewhat 
different type, being a tertiary amine. That the acidic properties 
are connected with the secondary amino-group is shown by the 
fact that the amine, 4:5-dinitro-3-aminoveratrole, was quite 
insoluble in alkali. The salt may be represented by the two 
formule (X) and (XI): 
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and we are inclined to the view that formula (X) is the more 
probable, since the solution of the freshly prepared salt is yellow, 
whereas one would expect an ortho-quinonoid salt of formula (XI) 
to be deeply coloured. It is possible that the red colour which 
developed on keeping the yellow solution of the salt may be due 
to the slow formation of a salt having the quinonoid structure. 
It is interesting to note that 5:6-dinitro-3-acetylaminoveratrole 
was found to be quite insoluble in alkali, and this difference in 
properties between the two isomerides afforded a simple method 
for their separation. 

In a series of papers, Meldola and his collaborators have shown 
that when nitromethoxyamines are diazotised under suitable con- 
ditions, the nitro-group in the ortho- or para-position with respect 
to the amino-group is eliminated, and may be replaced by a 
halogen. Thus, for example, Meldola and Eyre (T., 1902, 81, 
989) have shown that dinitro-p-dnisidine (XII) yields chloronitro- 
anisole (XIII). 
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So far as material has permitted, we have investigated the 
products obtained by diazotising the two dinitroamines described 
in this paper. We have found that 4:5-dinitro-3-aminoveratrole, 
when diazotised in acetic acid and sulphuric acid solution, readily 
couples with B-naphthol, yielding the azo-dye, which was found to 
be a strong phenol, and we consider it to be best represented by 
formula (XIV), one of the methoxy-groups having undergone 
hydrolysis. 

When the amine was diazotised in a mixture of acetic and 
hydrochloric acids and the resulting diazonium salt heated with 
alcohol, a halogenated phenol was obtained, one of the nitro-groups 
having been eliminated. To this substance, from a consideration 
of Meldola’s results, we ascribe formula (XV), although, owing to 
the small amount of material available, we can offer no direct 
evidence in support of this constitution. 

When 5:6-dinitro-3-aminoveratrole was diazotised with amyl 
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nitrite in absolute alcoholic solution, the main product of the 
reaction was a substance which crystallised from alcohol, in which 
it was somewhat sparingly soluble, and melted at 181°. In spite 
of the somewhat high melting point, we consider this substance 
to be 3:4-dinitroveratrole (XVI), and the molecular weight deter- 
mined by Barger’s method supported this view. At the same time, 
a small quantity of a phenol was isolated, which on methylation 
gave a methyl ether melting at 89—90°; for this substance we 
are unable to suggest a formula. 

The results described in this paper seem to be of some interest 
from the point of view of orientation in the benzene ring. It will 
be observed that on nitrating both 2-acetylamino-3 : 4-dimethoxy- 
benzoic acid and 3-acetylaminoveratrole, it is the methoxy-group 
in the ortho-position with respect to the acetylamino-group that 
appears to exercise the sole directing influence, the nitro-group 
entering the para-position with respect to this methoxy-group. 
The second nitro-group then assumes mainly the para-position with 
respect to the other methoxy-group, only a small quantity of the 
5:6-dinitro-derivative being formed. If we ascribe the directing 
influence to the subsidiary valencies of the methoxy-group, it would 
then appear that such valencies are much intensified by the juxta- 
position of the positive acetylamino-group. 


This is the exact opposite to the results observed when the 
methoxy-group has a negative group in the ortho-position with 
respect to it, since, as has been shown by Perkin and Robinson 
(loc. cit.), o-veratraldehyde (XVII) on nitration gives as sole pro- 
duct a nitro-derivative (XVIII), in which the nitro-group has 
entered the para-position with respect to the methoxy-group 
furthest away from the negative group. 
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In fact, as Prof. Robinson has kindly informed us, it has been 
observed in a large number of cases examined by him that when 
a negative group is in the ortho- or para-position with respect to 
a positive group, it neutralises such a group, and the orientating 
effect is exercised by the second positive group. That this view 
cannot be of quite general application is, however, proved by the 
fact that Cain and Simonsen (Joc. cit.) found that o-veratric acid 
(XTX) gave on nitration 5-nitro-2 :3-dimethoxybenzoic acid (XX). 
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EXxPERIMENTAL. 


Nitration of 2-Acetylamino-3 :4-dimethoxybenzoic Acid (1).* 
6-Nitro-2-amino-3 :4-dimethoxybenzoic Acid. 


The following method was found to give an almost quantitative 
yield of the above-mentioned nitro-acid. To a well-cooled mixture 
of nitric acid (D 1:4; 9 c.c.) and sulphuric acid (6 c.c.), 2-acetyl- 
amino-3 :4-dimethoxybenzoic acid (3 grams) was gradually added 
with vigorous stirring. The acid slowly passed into solution, and 
after ten minutes the mixture was poured on ice. A clear solu- 
tion was thus obtained, which gradually became cloudy, and the 
nitro-acid was deposited in fine, pale yellow crystals. These were 
collected and purified by crystallisation from water containing a 
little alcohol. (Yield, 3°5 grams.) For analysis, the acid was 
dried at 100°: + 

0°1000 gave 0°1708 CO, and 0°0398 H,O. C=466; H=4-4. 

O'1715 ,, 15°8 cc. Ny at 33° and 756 mm. N=9°7. 

C,,H,,0;N, requires C=46°5; H=4'2; N=9°8 per cent. 
6-Nitro-2-acetylamino-3 :4-dimethoxybenzoic acid crystallises in 
very pale yellow, prismatic needles, which soften at 215° and 
decompose at 220°. It is very sparingly soluble in cold water, 
benzene, ethyl acetate, or chloroform, but more readily so in 
acetone or hot water, and very readily so in alcohol. 

On titration with a standard solution of barium hydroxide, 
0°0812 gram neutralised 0°0247 gram of Ba(OH),, whereas a mono- 
basic acid, C,,H,,0;N,, should require 0°0245 gram. 

The silver salt is very readily soluble in water, but separates 
from an aqueous solution on the addition of alcohol in fine, yellow 
needles : 

0°1491 gave 0°0414 Ag. Ag=927°'8. 

C,,H,,0;,N,Ag requires Ay=27°6 per cent. 


* The acetylamino-acid was prepared by the method described by Pschorr 
and Sumuleanu (Ber., 1899, 32, 3411) when it was obtained in colourless 
plates which decomposed at 195—196°. (Found C=55-8; H=5-5; Ac=18-0; 
Cale. C=55-2; H=5-4; Ac—18-0 per cent.). It was stated by Pschorr and 
Sumuleanu to melt at 191° and to crystallise in needles. On one occasion 
we obtained the acid in the form of needles which decomposed at 195—196° 
and the substance would therefore appear to be dimorphous (compare 
Chattaway and Lambert, T., 1915, 107, 1766). 

t With the majority of substances described in this paper considerable 
difficulty was experienced in obtaining accurate analytical results. It was 
found necessary to carry out the combustions very slowly and to interpose 
a U-tube filled with pumice moistened with sulphuric acid between the 
calcium chloride tube and the carbon dioxide absorption apparatus (compare 
Kletz and Lapworth, T., 1915, 107, 1259). 
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6-Nitro-2.amino-3 :4-dimethoxybenzoie Acid. 


Much difficulty was at first experienced in hydrolysing the acetyl 
group in the nitroacetylamino-acid, since alkaline hydrolysis 
resulted in the formation of uncrystallisable oils, whereas hydro- 
lysis with hydrochloric acid eliminated simultaneously the carboxyl 
group (see below). When, however, the acetylamino-acid was 
mixed with three times its weight of concentrated sulphuric acid 
and heated on the water-bath for half an hour, hydrolysis readily 
took place, a deep red solution being obtained. This was 
cautiously added to cold water, and the excess of mineral acid 
removed by the addition of ammonia, when a pale brown solid 
separated. This was collected and purified by repeated crystallisa- 
tion from ethyl acetate : 


00728 gave 0°1186 CO, and 0°0302 H,O. C=44'4; H=4°6. 
01283 ,, 144 cc. N, at 30° and 760 mm. N=12°0. 
C,H,,O,N, requires C=44°6; H=4'1; N=11°6 per cent. 


6-Nitro-2-amino-2 :4-dimethoxybenzoic acid crystallises in pale 
yellow, glistening needles, which soften at 185° and decompose at 
194—195°. It is readily soluble in alcohol or acetone, somewhat 
readily so in ethyl acetate, and very sparingly so in water, benzene, 
or chloroform. It is a weak base, being soluble in concentrated 
mineral acids, separating, however, on dilution with water. 


5-Nitro-3-aminoveratrole (III). 


For the preparation of this substance, 6-nitro-2-acetylamino-3 : 4- 
dimethoxybenzoic acid (3 grams) was mixed with hydrochloric acid 
(50 per cent.; 30 c.c.) and heated for two hours in a reflux 
apparatus. The excess of acid was removed on the waier-bath, 
and the aqueous solution of the hydrochloride basified with 
ammonia, when the nitroamine separated as a brown, crystalline 
powder. This was collected and purified by crystallisation from 
dilute methyl alcohol, when it was obtained in pale brown, pris- 
matic needles melting at 105—106°: 


0°1036 gave 0°1845 CO, and 0°0498 H,O. C=486; H=5'3. 
C,H,,O,N, requires C=48°5; H=5°3 per cent. 


5-Nitro-3-aminoveratrole is readily soluble in most organic 
solvents, but only sparingly so in cold water, more readily in hot 
water. It does not appear to be volatile in steam. The hydro- 
chloride and the sulphate are somewhat sparingly soluble in water. 
The platinichloride was obtained as a very sparingly soluble, 
microcrystalline, yellow powder : 
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0°0905 gave 0°0216 Pt. Pt=23°9. 
(C,5H,yO,N.HCl),PtCl, requires Pt=24'1 per cent. 
The acetyl derivative separated from alcohol in faintly yellow, 
glistening leaflets melting at 172—173°: 


0°1075 gave 07198 CO, and 0°0464 H,O. C=50°2; H,=4'8. 
C,,H,,0;N. requires C=50°0; H=5°0 per cent. 


The benzoyl derivative crystallised from acetic acid in colour. 
less, glistening needles which melted at 145—146°: 


0°1645 gave 15°2 c.c. N, at 30° and 760 mm. N=9°7. 
C,;H,,0O,N. requires N=9°3 per cent. 


Diazotisation of 5-Nitro-3-aminoveratrole. I. Formation of 
4-Nitroveratrole. 


In carrying out this experiment, the nitroamine (0°5 gram) was 
dissolved in alcohol (5 c.c.), and sulphuric acid (0°5 gram) was 
added, when the sparingly soluble sulphate separated in glisten- 
ing leaflets. To the well-cooled solution amyl nitrite (0°7 gram) 
was slowly added, when the sulphate gradually passed into solu- 
tion. When the reaction was complete, the clear solution was 


carefully heated on the water-bath until all evolution of nitrogen 
had ceased. On pouring into water, 4-nitroveratrole separated as 
an oil, which rapidly solidified. It was crystallised from methyl 
alcohol, when it was obtained in fine needles melting at 95—96°, 
and this melting point was unaltered on admixture with a speci- 
men of 4-nitroveratrole from another source. 


II. Formation of 5-Nitro-2:3-dimethorybenzonitrile (IV). 


The amine (3 grams) was mixed with dilute sulphuric acid 
(H,SO,, 5 grams), when the sparingly soluble sulphate separated. 
This was diazotised in the usual manner with sodium nitrite, and 
the clear liquid was gradually added to a hot solution of cuprous 
cyanide (potassium cyanide, 4°2 grams; copper sulphate, 3°7 
grams). The mixture was heated on the water-bath until no more 
nitrogen was evolved (about thirty minutes), and the brown solid 
which had separated was dissolved in ether, the ethereal solution 
filtered to remove a little insoluble resin, washed with alkali to 
remove any phenol formed, dried, and evaporated, when the nitrile 
was obtained as a brown powder (271 grams). It was purified by 
repeated crystallisation from dilute methyl alcohol with the aid 
of animal charcoal, when it was obtained in pale brown, prismatic 


low, 


ur- 


needles which melted at about 127—-128°, but it is doubtful if it 


was quite pure. 
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It was readily soluble in most organic solvents : 
01304 gave 15°7 c.c. Ny at 30° and 752 mm. N=12°9. 
C,H,O,N,. requires N=13°4 per cent. 


Hydrolysis of 5-Nitro-2 :3-dimethoxybenzonitrile. 


The hydrolysis of the nitrile to the corresponding acid offered 
much difficulty, and ultimately the following method was 
adopted, although the yield was by no means satisfactory. 

The nitrile (1 gram) was mixed with barium hydroxide (3 grams) 
dissolved in water (10 c.c.), and heated in a reflux apparatus for 
three hours, when all evolution of ammonia had _ ceased. 
The brown solution was filtered from a little resinous matter and 
acidified, when a pale yellow solid separated, and was collected. 
This was found to consist of a phenolic acid mixed with a little 
of the dimethoxy-acid, the aqueous solution giving a deep red 
colour with ferric chloride. The crude acid was converted into 
the scarlet. potassium salt, and the dry salt heated with excess of 
methyl sulphate in a stoppered bottle on the water-bath, the treat- 
ment being repeated three times, when the greater part of the 
phenolic acid was methylated. The acid obtained in this manner 
was dissolved in dilute sodium carbonate solution and oxidised on 
the water-bath with potassium permanganate in order to remove 
any unmethylated phenolic acid. After filtering off the man- 
ganese dioxide, the solution was concentrated and acidified, when 
5-nitro-2 :3-dimethoxybenzoic acid (VI) separated. This was 
collected and crystallised from hot water, when it melted at 
174—-175°, and was found to be identical in every way with the 
acid obtained by Cain and Simonsen (loc. cit.). 

The ethyl ester melted at 78—79°, and this melting point was 
unaltered on admixture with an equal amount of the ethyl ester 
which had been prepared by Cain and Simonsen. 

The methyl ester crystallised from dilute methyl alcohol in fine 
needles melting at 76—77°. As this melting point was only 
slightly different from that of the methyl ester of the isomeric 
6-nitro-acid, a mixture of equal parts of these two esters was made, 
and was found to melt indefinitely at about 60°. (Found: 
N=6-4. Cale.: N=5°8 per cent.) 

It is of interest to note that the methyl ester has apparently a 
lower melting point than the ethyl ester, which is somewhat 
unusual (compare Meyer, ‘“‘ Analyse und Konstitutionsermittelung 
organischer Verbindungen,” p. 107). 
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6-Nitro-2 :3-dimethoxybenzoic Acid. 


As has already been mentioned (see p. 70), in view of the 
different melting points obtained for this acid we have prepared 
it by the methods of Wegscheider and Klemenc, and also by that 
of Perkin and Robinson. The acid prepared by either of these 
methods separated from water in leaflets melting at 184—185° 
(corr.). ‘The methyl ester was also prepared, and melted at 78—79° 
(Perkin and Robinson give 81°), and this melting point was 
unaltered on admixture with a specimen of the methyl ester of 
this acid prepared by Cain and Simonsen. There can therefore 


be no doubt that the acid obtained by these three methods is 
identical. 


4:5-Dinitro-3-acetylaminoveratrole (VII). 


If the conditions adopted for the nitration of 2-acetylamino-3 :4- 
dimethoxybenzoic acid are slightly varied, then, in addition to the 
formation of 6-nitro-2-acetylamino-3:4-dimethoxybenzoic acid, a 
substance was obtained which, for reasons already given (see 
p- 71), is considered to be 4 :5-dinitro-3-acetylaminoveratrole. 

In one experiment, the acetylamino-acid (22 grams) was added 
to a well-cooled mixture of nitric acid (D 1°4; 44 grams) and 
sulphuric acid (88 grams); the solution became deep red and a 
vigorous evolution of gas was observed. After fifteen minutes, 
the mixture was poured on ice, and the solid (A) which separated 
was immediately collected. The filtrate, on keeping, desposited 
a further quantity of solid (3 grams), which was found to be 
nearly pure 6-nitro-2-acetylamino-3 :4-dimethoxybenzoic acid. On 
extraction with ether, the filtrate yielded a small quantity of an 
acid (0°6 gram), which crystallised from hot water in colourless, 
prismatic needles decomposing at 191°. Unfortunately, a sufficient 
amount of this acid could not be obtained for a detailed examina- 
tion to be made. 

The main product of the nitration (A) was dissolved in dilute 
sodium hydroxide, and the deep reddish-brown solution was 
saturated with carbon dioxide, when a colourless solid separated 
(3°8 grams).* This was collected and purified by crystallisation 
from alcohol, when 4 :5-dinitro-3-acetylaminoveratrole separated in 
long, glistening, colourless needles which decomposed at 241°: 

0°123 gave 0°191 CO, and 0°0413 H,O. C=42°3; H=3°7. 

01865 ,, 26°2 cc. N, at 33° and 759 mm. N=14°9. 

C,,H,,0;N, requires C=42°1; H=3'8; N=14°'7 per cent. 


* The sodium carbonate solution on acidification yielded a further 
quantity of 6-nitro-2-acetylamino-3 : 4-dimethoxybenzoic acid. 
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The substance is readily soluble in sodium hydroxide or barium 
hydroxide, yielding a yellow solution, which becomes red on keep- 
ing. With ferric chloride it gives no coloration. 

When 4:5-dinitro-3-acetylaminoveratrole was heated for one 
hour with acetic anhydride containing a little pyridine, and the 
acetic anhydride removed in a vacuum, 4: 5-dinitro-3-diacetylamino- 
veratrole was obtained. This substance, which was readily soluble 
in most organic solvents, was purified by repeated crystallisation 
from benzene, when it was obtained in faintly yellow prisms melt- 
ing at 130—131°: 

0'1042 gave 0°1700 CO, and 0°0384 H,O. C=444; H=4°0. 

C,.H,,0,N, requires C=44°0; H=3'9 per cent. 
4:5-Dinitro-3-diacetylaminoveratrole was found to be quite 
insoluble in alkali; it was somewhat readily hydrolysed to the 
monoacetylamine. 


4 :5-Dinitro-3-aminoveratrole. 


This substance was readily obtained by dissolving the acetyl- 
amino-derivative in concentrated sulphuric acid and heating for 
not more than ten minutes at 100°, when, on pouring into water, 
the amine separated as a flocculent powder. It was purified by 
crystallisation from methy] alcohol: 

0°1066 gave 0°1553 CO, and 0°0384 H,O. C=397; H=4°0. 

C,H,O,N, requires C=39°5; H=3°7 per cent. 
4:5-Dinitro-3-aminoveratrole crystallises in terra-cotta needles 
melting at 112—113°. It is insoluble in alkali, but dissolves in 
hot concentrated hydrochloric acid, being reprecipitated on dilu- 
tion. 


3-A minoveratrole (IV). 


The following method was found to give an excellent yield. 

2-Amino-3 :4-dimethoxybenzoic acid (10 grams) was suspended 
in glycerol (90 per cent. ; 50 grams), and the mixture heated in an 
oil-bath at 170—180°, when the acid gradually passed into solu- 
tion and a vigorous reaction took place, with the evolution of 
carbon dioxide. After keeping at this temperature for thirty 
minutes, the mixture was heated at 215° for fifteen minutes, cooled, 
and mixed with water, when the amine separated as an oil. This 
was dissolved in ether, the ether dried and evaporated, and the 
residual oil fractionated under diminished pressure: 

0°0924 gave 0°2134 CO, and 0°0568 H,O. C=62°9; H=6°9. 

C,H,,O.N requires C=62°7; H=7°2 per cent. 

3-A minoveratrole is a colourless oil which boils at 137°/10 mm., 
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and possesses a faint odour reminiscent of aniline. On exposure 
to the air, it rapidly darkens in colour. It is readily volatile in 
steam and somewhat readily soluble in water. 

The picrate crystallises from alcohol in needles melting at 
173—175°: 

0°1015 gave 14°5 c.c. Ny at 29° and 760 mm. N=14°9. 

C,H,,0.N,C,;H;,0,N, requires N=14°7 per cent. 

The acetyl derivative separates from hot water, in which it is 
readily soluble, in well-formed cubes melting at 85°: 

0°1443 gave 9°8 c.c. N, at 30° and 760 mm. N=7°3. 

C,)H,,;0,;N requires N=7°2 per cent. 

The benzoyl derivative crystallises from alcohol in glistening, 
striated needles melting at 107°: 

0°1094 gave 6°0 c.c. N, at 30° and 762 mm. 
C,,H,,0,N 


15“3 


N=5°9. 
requires N=5'4 per cent. 


Nitration of 3-Acetylaminoveratrole. 1. Formation of 5-Nitro-3- 


acetylaminoveratrole (IIT). 


3-Acetylaminoveratrole (1 gram) was added gradually with 
vigorous stirring to well-cooled aitric acid (D 14; 5 grams); the 
acetylamine gradually passed into solution, and the nitro-deriv- 
ative crystallised out, the whole mass becoming pasty. After 
fifteen minutes, the mixture was poured on ice, and the nitroacetyl- 
amine collected. (Yield, 0°85 gram.) The 5-nitro-3-acetylamino- 
veratrole prepared in this manner crystallised in the glistening 
leaflets characteristic of this substance, melted at 172—173°, and 
was found to be identical in every way with the acetylamine 
described above (see p. 76). On hydrolysis, it yielded the nitro- 
amine melting at 105—106°. 


Il. Formation of 4:5-Dinitro-3-acetylaminoveratrole (VIL) and 
5 :6-Dinitro-3-acetylaminoveratrole (VIII). 


3-Acetylaminoveratrole (17 grams) was gradually added to 
nitric acid (D 1°52; 60 grams), which was well cooled in a freez- 
ing mixture, the temperature not being allowed to rise above 0°. 
The acetylamine dissolved in the nitric acid with a hissing sound, 
and towards the end of the reaction the liquid became pasty owing 
to the crystallisation of the products of the nitration. After keep- 
ing for fifteen minutes, the mixture was poured on ice and the 
solid was collected. 

The crude product obtained in this manner was repeatedly 
ground up with small quantities of dilute sodium hydroxide solu- 
tion until nothing further was dissolved. The insoluble portion 
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was collected, and the filtrate was reserved for further examina- 
tion (see below). The residue was purified by crystallisation from 
alcohol, when it was obtained in faintly yellow needles melting at 
178—179°. (Yield, 4°7 grams): 

01016 gave 0°1555 CO, and 0°0365 H,O. C=41'9; H=3°9. 

Cy9H,,0,N, requires C=42°1; H=3'8 per cent. 

5 :6-Dinitro-3-acetylaminoveratrole was found to differ from its 
isomeride in being quite insoluble in alkali. 

5 :6-Dinitro-3-aminoveratrole was readily obtained by hydrolysing 
the acetyl derivative with concentrated sulphuric acid. It crystal- 
lised from dilute alcohol in long, yellow, prismatic needles melting 
at 141—142°. It appeared to be a somewhat stronger base than 
its isomeride, its salts, however, being readily dissociated by water : 

0'1039 gave 0°1504 CO, and 0°0366 H,O. C=39°5; H=3°9. 

C,H,O,N, requires C=39°5; H=3°7 per cent. 

The alkaline filtrate from which the 5 :6-dinitro-3-acetylamino- 
veratrole had been separated was acidified, and the solid which 
separated was collected. (Yield, 11°4 grams.) It was purified by 
crystallisation from alcohol, when it was obtained in colourless 
needles decomposing at 241°, and was found to be 4:5-dinitro-3- 
acetylaminoveratrole. (Found: C=42°4; H=3°9. Cale.: C=42'1; 
Il=3°8 per cent.) 


Nitration of 5-Nitro-3-acetylaminoveratrole (III). 


5-Nitro-3-acetylaminoveratrole was nitrated with nitric acid 
(D 1°52) under the conditions just described. The products were 
separated by means of alkali, when from 0°3 gram of the nitro- 
acetylamine 0°24 gram of the 4:5-dinitro- and 0°1 gram of the 
5:6-dinitro-isomeride were isolated. 


Diazotisation of 4:5-Dinitro-3-aminoveratrole. I. Formation of 
4:5-Dinitroveratrole. 


The base (1°65 grams) was dissolved in alcohol (15 c.c.), and after 
the addition of sulphuric acid (1 gram), amyl nitrite (1°5 grams) 
was gradually added to the well-cooled mixture, when the sparingly 
soluble sulphate slowly dissolved. When the diazotisation was 
complete, zinc dust (0°2 gram) was added, and the mixture heated 
in a boiling-water bath until the evolution of nitrogen was com- 
plete. The filtered solution was poured into water, and the reddish- 
brown, semi-solid oil which separated was dissolved in ether. The 
ethereal solution was washed with dilute alkali to remove the 
phenol, dried, and evaporated, when a small quantity of a sub- 
stance was isolated which crystallised from methyl alcohol in 
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leaflets melting at about 140°. It was not obtained in sufficient 
quantity for analysis. 

The alkaline solution on acidification yielded a phenol, which 
was not purified, but was methylated in the usual manner with 
methyl sulphate, when the methyl ether was obtained as a brown 
powder. This was crystallised from dilute acetic acid, when it 
separated in yellow needles melting at 127—-128°, and evidently 
consisted of 4:5-dinitroveratrole, since the melting point was not 
depressed on admixture with a specimen of this substance from 
another source. (Found: N=12°6. Cale.: N=12°3 per cent.) 


Il. 4:5-Dinitro-2-hydroxy-1-methoxy-3-azo-B-naphthol (XIV). 


For the preparation of this substance, the amine (1 gram) was 
dissolved in acetic acid (5 c.c.), and, after the addition of sulphuric 
acid (0°8 gram), a solution of sodium nitrite (0°2 gram) was added 
to the well-cooled solution. The mixture was carefully added to 
an alkaline solution of B-naphthol, and the sparingly soluble indigo- 
blue sodium salt which separated was collected and decomposed 
with dilute acetic acid. The reddish-brown azo-compound was 
purified by repeated crystallisation from pyridine, when it was 
obtained in purple leaflets with a golden bronze, metallic reflex 
decomposing at 222°: 

0°105 gave 0°2037 CO, and 0°0342 H,O. C=52'9; H=3°6. 

C,,;H,,0;,N, requires C=53'1; H=3'1 per cent. 

The substance was found to be a strong phenol, being readily 
soluble in dilute alkali yielding a reddish-purple solution, so that 
there can be little doubt that one of the methoxy-groups had 
undergone hydrolysis. In sulphuric acid it dissolved, yielding a 
purple solution, which became red on dilution. 


III. 4-Chloro-5-nitroguaiacol (XV). 


In one experiment, the amine (1 gram) was dissolved in acetic 
acid (5 c.c.), and, after the addition of hydrochloric acid (1 gram), 
a solution of sodium nitrite solution (0°25 gram) was added. 
When the diazotisation was complete, an equal volume of alcohol 
was added, and the mixture heated on the water-bath until all 
evolution of nitrogen had ceased. The mixture was poured into 
water, the oil which separated was dissolved in ether, the ethereal 
solution washed with alkali to remove the phenol, dried, and 
evaporated, when a small quantity of an oil remained which was 
not further investigated. The alkaline solution on acidification 
deposited the phenol as a somewhat viscid, red solid. This was 
collected and purified by crystallisation from hot water, when 
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\-chloro-5-nitroguaiacol was obtained in glistening, pale brown 
leaflets or clusters of prismatic needles, which melted at 161—162°: 
0°1236 gave 0°0834 AgCl. Cl=17°1. 
C;H,O,NCl requires Cl=17°4 per cent. 


Diazotisation of 5:6-Dinitro-3-aminoveratrole: 3:4-Dinitro- 


veratrole (XVI). 


In the diazotisation of the 5:6-dinitroamine, the conditions 
described above for the preparation of 4:5-dinitroveratrole were 
used. 3:4-Dinitroveratrole separated from alcohol, in which it was 
somewhat sparingly soluble, in glistening, pale yellow prisms melt- 
ing at 181°: 

01012 gave 0°1556 CO, and 0°0333 H,O. C=41'9; H=3°6. 

C,H,O,N, requires C=42°1; H=3°5 per cent. 

A molecular-weight determination carried out by Barger’s 
method, using pyridine as the solvent and benzil as the standard, 
gave a molecular weight of about 235°8, whereas CsH,O,N, requires 
M.W. = 228. 

From the diazotisation, a small quantity of a phenol was isolated ; 
this was converted into the methyl ether in the usual manner, and 
the methyl ether recrystallised from methyl alcohol, when it was 
obtained in pale yellow leaflets melting at about 88—89°. 
Unfortunately, this substance was not obtained in sufficient amount 
for complete purification. 


Addendum. 


From the difference in behaviour towards alkali of 4 :5-dinitro- 
d-acetylaminoveratrole (4) and of 5:6-dinitro-3-acetylamino- 
veratrole (B), it was considered that the examination of the 
absorption spectra of these compounds in alcoholic solution and 
in the presence of alkali might yield interesting results. The 
alkaline solutions contained five equivalents of potassium hydr- 
oxide. Mr. J. E. Purvis very kindly examined the absorption 
spectra, and we are greatly indebted to him for the trouble he 
has taken and for his report, which is as follows: 

“The sources of light were an iron spark and a molybdenum— 
uranium spark, duplicate photographs being taken in each case and 
the absorption curves drawn. 

“It will be seen that substance A exhibits one strong band with- 
out and with the addition of the alkali. The effect of the alkali 
is to make the band a little narrower and to cause a considerable 
shifting of the line of general absorption towards the red end. 

“The neutral solution of the substance B shows two fairly well- 
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marked bands, whereas the alkaline solution gives only rapid 
extensions of the line of general absorption. There can scarcely 
be any doubt that the change in colour brought about by the 
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addition of the alkali has produced a considerable change, and it 
is possible that this may be due to decomposition, whereby the 
vibrations of the original molecule are almost obliterated. 

“The single band of substance A is not unlike, except in post 
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tion, the band in the cases of phenol and the dihydroxybenzenes 
(Hartley, T., 1888, 53, 651; Hartley, Dobbie, and Lauder, T., 
1902, 81, 929; Baly and Ewbank, T., 1905, 87, 1347). On the 
other hand, the two bands of the compound B are comparable 
with the bands of aniline and certain derivatives of aniline, for 
example, the anisidines, except again in position (Hartley and 
Huntington, Phil, Trans., 1879, 170, I, 257; Purvis, T., 1915, 
107, 660). 

“A consideration of the structure of the two substances indicates 
a probable satisfactory explanation of these differences. In the 
case of substance A, where one of the nitro-groups is in the ortho- 
position with respect to the acetylamino-group, the former 
neutralises the influence of the latter, and the methoxy-groups can 
then exert a more powerful influence. This close relationship is 
not present in the case of substance B, where the nearest nitro- 
group is in the meta-position with respect to the acetylamino-group. 
The latter has here more freedom of motion, and hence the vibra- 
tions of the molecule become comparable with those of aniline. 

“In the case of the alkaline solution of the substance A, the 
curves indicate that the vibrations are damped, but that no con- 
siderable change in the constitution of the substance has taken 
place. It has been suggested that the solubility of the substance 
A in alkali may be due to the formation of an unstable salt, but 
this would not largely alter the vibrations, for the reason that the 
influence of the acetylimino-group would still be locked up by the 


adjacent N<O* group. The fact that the absorption spectra of 


the neutral and the alkaline solutions of the substance A are so 
similar clearly proves that the not improbable conversion of the 
nitro-group, in the ortho-position with respect to the acetylamino- 


, ° OK . . 
group, into the group N<OK is not sufficient to effect any funda- 


mental change in the influence of the methoxy-groups.”’ 


Tur CHEMICAL LABORATORY, THE PRESIDENCY COLLEGE, 
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X.—The Detergent Action of Soap. 


By Spencer UMFREVILLE PICKERING. 


Autnoven the detergent action of soap is much increased by the 
presence of excess of alkali, it exists independently of such excess, 
and cannot be attributed to the alkali liberated by hydrolysis, 
sincé that would imply a reversal of the action liberating it. 
Hillyer (J. Amer. Chem. Soc., 1903, 25, 511) considers that the 
cleansing action of soap “is largely or entirely to be explained by 
the power which it has of emulsifying oily substances: of wetting 
and penetrating into oily textures: and of lubricating textures 
and impurities so that they may be removed easily: and it is 
thought that all these properties may be explained by taking into 
account the low cohesion of soap solutions, and their strong attrac- 
tion, adhesion or affinity to oily matter, which together cause the 
low surface tension between soap solutions and oil.” Although 
low surface tension cannot now be accepted as an explanation of 
emulsification, emulsification is certainly an important factor in 
the detergent action of soap, for emulsified globules are surrounded 
by a pellicle which prevents them from wetting and rendering 
oily any solid matter present. 

Spring (Bull. Acad. Roy. Belg., 1909, 187, 1128) considered 
Hillyer’s explanation insufficient, and showed that dirt, as 
exemplified by !amp black, silicic acid, clay and cellulose, combines 
with the acid soap resulting from hydrolysis to form colloidal 
absorption compounds, and in some cases increases the amount of 
acid soap formed. It is doubtful, however, how far this action is 
of practical importance, for it could not occur if excess of 
alkali sufficient to prevent hydrolysis were present, yet the deter- 
gent action is actually increased by such excess. 

A factor which neither of these investigators appears to have 
recognised is probably the most important of all, namely, that 
oils are actually soluble in soap, and to a very large extent; even 
paraffin oil will dissolve in quantities up to 100 per cent. of the 
soap present. This solubility is probably not altogether unknown 
to soap manufacturers, for it was certain observations communi- 
cated by a manufacturer which led the author to examine the 
matter; yet H. H. Cousins, who investigated the subject (“ The 
Chemistry of the Garden,” 1916, p. 132), appears to have con- 
cluded, erroneously, that paraffin was insoluble in soap, but that 
it would dissolve to a certain extent in the presence of naphthalene, 
the latter being known to be soluble in it. 
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EXPERIMENTAL. 


Substances Used. 


Potassium Stearate—This contained, after drying, K=12°65; 
cale., K=11°'99 per cent. It dissolved to form a 20 per cent. 
solution at 100°, from which, on cooling, nearly the whole of the 
stearate separated in a very fine state of division, the mixture 
forming a thick paste. This paste was used in the following 
experiments. Another, and apparently less pure, sample, contain- 
ing K=12°96 per cent., was used in a few cases; the results 
obtained with it differed somewhat in magnitude from those with 
the first sample. 

Potassium palmitate behaves with water in the same way as the 
stearate. The sample used contained K=12°65; cale., K=13°06 
per cent. 

Potassium oleate was examined only sufficiently to show that 
the action with it was substantially the same as with the stearate 
and palmitate. 

4 soft potash soap, known as “Chiswick Imperial,” made by 
the Yalding Manufacturing Co., formerly the Chiswick Co.+ It is 
manufactured chiefly from soya-bean oil, and contains 8°4 per 
cent. of potassium oxide as soap, and 1°15 per cent. as carbonate. 
Most of the glycerol has been extracted from it,* and the water 
lost at 100° amounted to 47°6 per cent. This soap therefore con- 
tains about 50 per cent. of dry soap. It is stiff, fairly twaneperent, 
and undergoes very little hydrolysis with water. 

A soft soda soap, which has been used as a substitute for the 
above since the war began. It contains 7°15 per cent. of sodium 
oxide as soap, and 0°53 per cent. as carbonate and hydroxide. 
Water, 42 per cent. It is somewhat less transparent than the 
potash soap, melts and dissolves less readily, being scarcely fluid 
at 100°, and gives a considerably larger proportion of acid soap 
when dissolved. 

One or two other soft soaps have been examined, and were 
found to behave in the same way as the above; this was also the 
case with hard soap. 

The oils used were: 

A. Paraffin oil freed from olefines, sp. gr. at 15° 0°713, b. p. 
90—96°, consisting therefore mainly of heptane. 

B. A similar oil, sp. gr. 0°784, b. p. 196—200°, consisting mainly 
of dodecane. 


* From observations on the subject, it appears that glycerol would be 
without action on paraffin oil in the present experiments. 
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C. A similar oil, sp. gr. 0°815, b. p. 255—260°, consisting mainly 
of pentadecane. 

D. Pratt’s motor spirit, sp. gr. 0°697, initial b. p. 75°, 58 per 
cent. of it boiling below 100° and 28 per cent. between 100° and 
125°. 

E#. “ Royal Daylight” lighting oil, sp. gr. 0°803, initial b. p, 
165°, 39 per cent. of it boiling below 250°. 

F. Carless’s solar distillate, sp. gr. 0°858, initial b. p. 240°, 94 
per cent. of it boiling above 250°. 

(/, Pure benzene, sp. gr. 0°85, b. p. 80°5°. 


RO 
af" 


Emulsions. 


As shown in previous communications (T., 1907, 91, 2001; 
Reports of the Woburn Experimental Fruit Farm, 1906, 6, 196; 
1908, 8, 18), paraffin oil, when churned with a soap solution, forms 
a milky liquid, from which the true emulsion gradually rises to 
form a creamy layer containing from 65 to 85 per cent. by volume 
of oil, generally about 74 per cent., which is the volume occupied 
by close-packed spheres of uniform size. By the further churn- 
ing of this cream with more oil, the percentage can be raised even 
to 99 per cent., the emulsion becoming a stiff, nearly transparent 
jelly, in which the oil globules must approximate in form to 
dodecahedra, there being no longer sufficient medium left to allow 
of their remaining spherical. Viscidity characterises all emulsions, 
and on emulsification it appears suddenly, the resistance to motion 
of the oil particles increasing very rapidly when these become 
reduced below a certain diameter. 

The low surface tension between oil and soap solutions must 
favour emulsification by facilitating the breaking up of the liquids 
into minute globules, but it cannot explain why one of the liquids, 
and not the other, should remain broken up; moreover, Hillyer 
has shown (loc. cit., p. 524) that the surface tension is reduced 
continuously with an increase in the concentration of the soap 
solution, whereas the emulsifying power of such solutions increases 
with concentration only up to a certain point (about 2 per cent.), 
and subsequently decreases (T., Joc. cit., 2018; Woburn Report, 
6, 197). This behaviour is in accordance with the author’s ex- 
planation that the emulsification is due to the encasement of the 
oil particles by minute particles of solid, for example, of acid soap 
in the case of soap solutions, which view was established by show- 
ing that the mere presence of solid particles in a fine state of 
division, such as the freshly precipitated basic sulphates of metals, 
is sufficient to emulsify oils in water itself. It has also become 
emphasised by the author’s recent work showing that in many 
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scores of cases metallic salts of organic acids are precipitated as 
emulsions, the media in such cases being saline solutions, which 
would not exhibit any exceptionally low surface tension. 

The present and recent work necessitates a qualification of one 
statement originally made, namely, that the emulsified substance 
must be insoluble in the menstruum. This should be modified to 
read, that in a permanent emulsion, the emulsified globules must 
be in a condition such as to preclude them from dissolving the 
menstruum. The substance composing them may itself be soluble 
in the menstruum, but the globules may be precluded from dis- 
solving, either by the menstruum being already saturated with the 
substance in question, or by the globules being enclosed in a 
pellicle which prevents their contact with the menstruum. We 
may even have an emulsion in which the emulsified substance and 
the menstruum are identical (see p. 96). Numerous instances 
have been obtained of substances being precipitated as emulsions 
which redissolve immediately, hence the necessity of introducing 
the word “ permanent” in the above statement. 


Behaviour of Soaps with Oils. 


In the following experiments, the quantity of soap taken was 
generally 30 or 60 grams, heated to 55°, so as to render it less 
viscid, although this heating is not absolutely necessary, and was 
dispensed with when a diluted soap was used. With potassium 
stearate and palmitate, 50 grams of the cold paste, containing 
1) grams of the salt, were employed. The oil was added to these 
substances, and the mixture worked with a spatula. With soap 
and paraffin oil, the incorporation often requires some time, the 
soap slipping about in the oil at first, but when the last of the oil 
is absorbed, the mixture suddenly becomes opaque and almost 
solid, and adheres to, or “ wets,” the containing vessel. With the 
soda soap, the final mixture is almost transparent instead of opaque. 
These mixtures are quite permanent, provided concentrated soap 
has been used. When treated with excess of water, they dissolve 
completely, forming solutions which are either clear—except for 
the presence of some acid soap—or, if the proportion of oil is 
larger, milky, owing to the presence of an emulsion, which rises to 
the surface as a cream in the course of some hours or days. 

The sudden solidification at the final absorption of the oil is not 
indicative of chemical combination, and seems to be merely the 
result of the oil globules attaining a diameter sufficiently small 
for them to show the resistance characteristic of emulsions. <A 
similar sudden change to a stiff, opaque mass occurs when water, 
or even air, is worked up with the soap, the only difference in such 
E* 
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cases being that the products are not permanent; in the case of 
water, the soap gradually dissolves, leaving a clear jelly; in that 
of air, the bubbles gradually coalesce, leaving a coarse, honey- 
combed mass. The volume of the air particles enclosed in such a 
mixture is about 50 per cent. of that of the soap. The possi- 
bility of incorporating water with fats or melted waxes was first 
recognised by Galen, since which time products thus obtained have 
been in use as cosmetics, cold cream being one familiar instance. 
They exhibit some of the properties of emulsions, due to the 
enclosed globules being comparable in size with those in emulsions, 
but, as the globules are not encased in a pellicle, their permanence 
depends on the semi-solid condition of the menstruum. Mercurial 
ointment is another instance. Air may similarly be enclosed in 
soft caramel, as is done in the manufacture of sweetmeats exhibit 
ing a silky texture. 

In the incorporation of oil with soaps, three stages may be 
recognised ; they are most marked in the case of potassium stearate 
paste and benzene. The first consists of a thickening of the paste, 
due to the incorporation of the oil to form a coarse sort of emulsion, 
with a consequent increase in the extent of the oil—water surface; 
then the mixture becomes limpid, due, as will be shown, to the gradual 
combination of the oi! with the solid stearate to form a soluble 
compound ; lastly, this liquid, whether the stirring be continued 
or not, rapidly solidifies to an opaque, stiff mass, this stiffening 
being the result of the globules of oil present becoming reduced, 
by combination with the stearate, to a magnitude sufficient to 
permit of their forming a true emulsion. The extent to which these 
stages are marked depends on the proportion of emulsion formed, 
the viscidity of the reagents, and other factors. With potassium 
palmitate and benzene, no final thickening occurs; with potassium 
stearate and paraffin oil, a slight thickening only is observable; 
with concentrated soap and any of the oils, the only change is a 
considerable thickening, but with less concentrated soap the mix- 
ture afterwards becomes quite limpid, although this change is 
not followed by a subsequent thickening. 

With undiluted soap there is a definite limit to the volume of 
paraffin which may be incorporated with it, but in the case of 
soap previously diluted with one to two volumes of water, or in 
that of stearate paste, no definite limit is evident, especially with 
benzene, any excess of oil mixing with the solution, and, on being 
left, rising to the surface, mixed with the emulsion. 
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Method of Analysis. 


In order to examine the nature of the product obtained, this was 
dissolved in a volume of water equal to nineteen times that of 
the anhydrous soap (9°5 times that of the actual soap) or stearate 
present. The solution was left in a separating funnel for one to 
three days for the emulsion to rise to the surface, and the volume 
of the latter, retaining unavoidably some of the solution, deter- 
mined. Acid was then added to this, and the liberated oil—with 
some fatty acid dissolved in it—measured, after which 10 c.c. of 
the original solution were added, and the volume of oil redeter- 
mined. The measurements give the data for calculating the oil 
in the emulsion itself, and hence that remaining dissolved in the 


liquid. 
The extent to which uniformity is obtainable may be judged 
by the following results: 


150 c.c. of benzene 
in 100 grams of 
stearate as paste. 


30 c.c. of solar distillate 
with 100 grams of 
soap diluted. 


"30 c.c. of solar distillate 
with 100 grams of 
soap.* 


Dissolved. Emulsified. Dissolved. Emulsified. 


Dissolved, Emulsified. 


21-8 8-2 1-0 29-0 85 65 
23-6 6-4 0-8 29-2 85 65 
22-6 7-4 2-2 27-8 34 66 
Mean 22-7 7:3 1-3 28-7 85 65 


* Wherever soap is mentioned in the following tables without the quali- 


” it refers to the soap in its ordinary condition, 


fication of ‘*‘ anhydrous 
that is, containing 50 per cent. of water. 


Thus, errors of 1 to 2 c.c. may be expected in the value when 
referred, as above, to 100 grams of soap. 


Effect of Manipulation, Temperature, and Dilution, 


Differences in the manipulation do not much affect the results ; 
for instance, taking a stearate mixture diluted sufficiently (to 
5 per cent.) to admit of its being churned with a syringe, the 
following results were obtained : 


Benzene to 100 Grams of Dry Stearate. 


Dissolved. 


When churned. When not churned 


Taken 
GMS, — sdndbankanmbscend 70 
NG. caseinaanaiieuives 86 104 


Thus churning increases the proportion of oil emulsified, but 


only appreciably so in extreme cases. No recognisable difference 
E* 2 
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was made in the results whether the oil were added gradually or 
all at once. 

A rise of temperature increases the proportion of oil dissolved, 
although not.to such an extent that accidental temperature varia- 
tions would produce an appreciable effect. 


Solar Distillate and Soap. 


Temp. Taken. Dissolved. 
30 c.c. 
30 ry P > . Bd 
30 ” =o ” ” 


Benzene and Stearate. (Second sample, p. 87.) 


150 c.c. 74 ¢.e. to 100 grams of stearate. 
150 ,, SS ss % ” 

The validity of the method adopted for analysing the product 
must depend on the procuct not being decomposed by water, and 
this was proved to be nearly strictly the case by the following 
experiments. Lighting oil was incorporated with potash soap in 
the proportion of 40 c.c. to 100 grams, and when dissolved in 
water equivalent to z times the volume of soap present gave: 

a 3 6 9 18-5 
Oil dissolved um 34-2 34-4 35-0 36-0 c.c, 
Again, a product containing 69 c.c. of benzene in 100 grams of 
soap, after being dissolved in 950 c.c. of water, was further diluted 
twenty- and one hundred-fold, but gave no trace of decomposition. 
Similar results were obtained in other cases. 

That water should not separate any of the oil from the product 
appears, at first sight (although the explanation will be found 
below, p. 94), to be inconsistent with the fact that dilution 
of the soap before treatment with oil generally results in a reduc- 
tion of the proportion of oil dissolved. Thus, if the soap is 
previously diluted to the full extent adopted in these experiments 
—93°5 volumes of water—only about half as much oil, or in some 
cases less, passes into solution as when undiluted soap is taken, 
and the product subsequently diluted, the temperature of the 
reagents being the same in all cases (55°). 


Oil dissolved when the soap was diluted. 


Oil added. Before adding oil. After adding oil. 
33 c.c. lighting oil 18-5 c.c. 
6 29-9 ,, 
33 20-6, 
_ a - ‘ . 23-8 ,, 


The effect of previous dilution of the soap taken is more fully 
shown in the following series. Taking the determinations with 
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soap and lighting oil or benzene, it will be seen that the amount 
of oil dissolved decreases with an increase in the proportion of 
water present, but only up to a certain point, after which it 
remains constant. This point depends on the proportion of oil; 
with 33 c.c. of oil to 100 grams of anhydrous soap (1) it occurs at 
about 900 c.c. of water, with 80 c.c. of oil (2) at about 500 c.c. of 
water, and with 300 c.c. of benzene (7) at about 100 c.c. of water, 
or less. The values enclosed in brackets cannot be considered in 
this connexion, for in those cases the benzene was insufficient to 
saturate the soap, and the product dissolved completely without 
forming any emulsion. The results with potassium stearate do 
not offer any instance where constancy was attained, but with 
potassium palmitate it occurs with 150 c.c. of benzene (16) when 
the water reaches 900 c.c. With the palmitate the values are, 
however, not very trustworthy, owing to the difficulty of analysing 
the product, the layer of oil and palmitic acid obtained not pre- 
senting a well-defined meniscus. 


TaBLeE [. 


Volume of Oil Dissolved per 100 Grams of Anhydrous Soaps at 
Various Dilutions. 


Oil dissolved (c.c.) by 100 grams of soap diluted with 
Oil 
taken 100 200 300 400 5 900 1400 


cC.e, .c. e.c, c.c. c.c, 


Potash soap and lighting oil. 


21-8 18-6 -— 13-0 
23-2 19-4 — 5-6 


Potash soap and Benzene. 
67 — we — a 
100 sane — — 
133 y — 104 — 90 


200 _— 
300 ‘ — 134 — 136 


Potassium stearate and benzene. 
— (50)* 
69* 
96 
116 
121 
Potassium palmitate and benzene. 
47* 
60* 
60* 
79* 
76* 
* In these cases, uncombined stearate or palmitate is present, and gradually 
settles in the liquid. 
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These facts have an important bearing on the use of soap as 
a detergent. To obtain the most economic results, the soap must 
evidently be used at the maximum concentration possible; this in 
practice is done when washing our bodies, but not always in other 
cases. The importance of doing so may be illustrated by smearing 
the hands all over with paraffin oil, when it will be found that the 
use of 3 grams of soap (which at first slips about in the hands, 
and then suddenly becomes stiff and adherent), and a subsequent 
rinsing in a litre of water, will suffice to remove the oil; whereas 
washing them in a litre of water with 3 grams of soap previously 
dissolved in it is quite ineffectual. 

The fact that the compounds of oils with soap are not decom- 
posed by water is also essential to the detergent action of soap, 
for otherwise, rinsing with water after the application of the soap 
would regenerate the oil. 

Looking down the columns in table I, it would appear at first 
sight that the action between oils and soaps presents features 
inconsistent with the characteristics of chemical combination or 
dissolution, for the solubility of the oils seems to be dependent 
on the proportions present; thus, although stearate of a given 
concentration will dissolve 121 c.c. of benzene per 100 grams, yet 
when 75 or 100 c.c. only are added, even the whole of these smaller 
volumes are not dissolved, and in some of the cases, marked by 
asterisks, a portion of the oil remains uncombined, although there 
is evidently uncombined soap present also. The explanation of 
this is that a part of the oil added—so long as it is present in 
considerable proportions—always becomes emulsified in the manner 
already indicated, and that once emulsified it is no longer soluble, 
the particles being protected from contact with the liquid by the 
pellicle surrounding them. 

There is, however, no constant proportion between the oil dis- 
solved and emulsified; thus, with potash soap and benzene, the 
proportion dissolved decreases with an increase in the amount 
present, varying from 100 to 46 per cent. of the total. The 
encasing of the oil globules by particles of acid soap must be a 
process requiring some time, and if the actual quantity of oil 
present is small, the dissolution of it will be rapid, and there will 
be less opportunity for the globules to become thus encased. Dilu- 
tion with water, by increasing the quantity of acid soap, would 
increase the proportion of oil emulsified, in spite of the fact that 
the compound of soap and oil is not itself decomposed by water, an 
apparent anomaly alluded to above (p. 92). 
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Composition of the Products. 


Taking the results with stearate and benzene, where both 
reagents are of definite composition; the benzene dissolved by 
stearate of any given degree of concentration appears to attain 
a value beyond which a further increase in the proportion 
of benzene taken would produce little or no increase in the amount 
dissolved. Taking 121 c.c. as the maximum in the case of the 
most concentrated stearate, this represents 4°5C,H, to each 
C,sH,,0.K, and with the two more dilute liquids examined, 2°2 
and 1°7C,H,, respectively; these quantities are in direct pro- 
portion to the concentration, the values obtained by dividing them 
by the percentages of stearate being 0°23, 0°22, and 0°25, 
respectively. If such a proportion holds good for all concentra- 
tions, the anhydrous stearate should combine with 23C,H,, or 100 
grams with 620 c.c. It has not been possible to realise this, prob- 
ably owing to anhydrous stearate being in a much less finely 
divided condition than that in the paste; some digested with 
benzene at the ordinary temperature for forty-eight hours com- 
bined with (that is, rendered soluble) only 108 c.c. per 100 grams. 
The solubility of benzene in soft soap, it will be seen, is about 
70 c.c. per 100 grams, or 140 c.c. per 100 grams of anhydrous soap, 
somewhat more than that of benzene in the most concentrated 
stearate examined; its solubility in potassium palmitate is con- 
siderably less, about 80 c.c. The compound formed in all these 
cases is quite insoluble in the excess of benzene. 

Sodium stearate, it may be remarked, unites with very large 
proportions of alcohol. A solid fuel, known as spiritine, consists 
of 95 parts of alcohol and 5 parts of the stearate; but it appears 
to be a mechanical mixture only, the alcohol being imprisoned in 
a network of crystals of the stearate, from which it can easily be 
withdrawn by blotting-paper. No such withdrawal is possible in 
the case of the compounds of oil with soft soap, and these, more- 
over, are scarcely inflammable. Even when they contain such a 
readily inflammable oil as benzoline, they cannot be ignited unless 
the proportion of oil is about 67 to 100 of soap, and, even then, the 
flame generally dies out as soon as the match is withdrawn. 

The combination of oils with stearate or ordinary soap was also 
examined by leaving the reagents in contact with each other. In 
the course of a few days, a layer of clear, limpid liquid began to 
form between the viscid stearate, or soap, and the supernatant 
oil; this slowly increased in bulk until all the soap disappeared. 
At the same time, an opaque layer gradually formed between the 
clear layer and the oil; this consisted of an emulsion. The 
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emulsion formed in a case where benzene was used was separated 
and analysed, the excess of benzene being removed by filter-paper. 
It was found to contain 84 per cent. of benzene, and as it evidently 
contained excess of soap solution which could not be removed, the 
true percentage of benzene in the emulsion must have been higher, 
It is therefore an emulsion of benzene, not an emulsion of soap 
solution, and it presents the curious phenomenon of an emulsion 
in which the emulsified substance and the menstruum are the 
same, each emulsified sphere being surrounded by a pellicle, prob- 
ably consisting of solid particles, and also by some of the aqueous 
solution, which keeps it from coming into contact and coalescing 
with the menstruum. The spontaneous formation of an emulsion 
between two liquids in contact with each other and at rest is also 
somewhat remarkable; the locus of its formation appears to be 
chiefly the sides of the containing vessel, and it is probable that 
the breaking up of the liquid into globules is dependent on changes 
of temperature or unavoidable vibrations. Where ordinary soap 
is used in such experiments, it should be diluted with about double 
its weight of water, since with conceatrated soap the clear layer 
which begins to form between the liquids seems to be soon absorbed 
by the soap, and renders it opaque. 

The results obtained with various oils and potash soap are given 
below, and it will be seen, especially when comparing those with 
the three purified paraffin oils, that the proportions passing into 
solution are not dependent solely on the physical properties of 
the oil, for those with oil boiling at 257° are intermediate between 
those of the two oils boiling at 98° and 198°. A similar depend- 
ence on the chemical nature of the oil is evident on a comparison 
‘together of the results with petrol, lighting’ oil and solar distillate, 
or of those with benzene and the paraffin oils. 


Volume of Oil Dissolved by 100 Grams of Soap. 


Paraffin, b.p. 


Oil ~ Petrol. Lighting. Solar. 
taken. 93°. 198°. 257°. Fe ; Benzene. 
17 (17) 13 13 — 14 13 — 
33 26 20 23 24 19 2 (33) 
50 32 22 28 — 22 23 (50) 
67 44 25 40 35 30 24 61 
100 62 42 — — 37 — 64 


Where the values are enclosed in brackets, the oil was not in 
sufficient proportion to saturate the soap. 

The combination oil and soap, when the two are worked together, 
generally occupies about fifteen minutes. The course of the 
reaction may be followed by checking it at different stages, this 
being done by the addition of a large volume of water. Potassium 
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stearate paste and benzene when examined in this way, using 
200 c.c. of benzene to every 100 grams of stearate present, gave: 
66 c.c. dissolved at the first thickening. 


86 e.c. a a » subsequent thinning. 
104 e.c. » 99 99 final thickening. 


In another case, using 150 c.c. of benzene and 100 grams of 
potash soap, there were: 


70 c.c. dissolved when the mixture had thinned, 
84 c.c. * after the final thickening. 


Thermal Changes. 


The thermal phenomena attending the interaction between oils 
and soap are equally emphatic as to the dependence of the results 
on the chemical character of the oils taken. The temperature 
changes occur slowly and continuously throughout the three stages 
of the reaction (p. 90), and apparently for some little time after 


the final thickening has occurred. This slowness of the action, and 


the semi-solid condition of the products, rendered any accurate 
thermal determinations impossible. In the following cases, either 
50 grams of a 20 per cent. stearate paste, or 30 grams of potash 
soap diluted with 60 grams of water, were used. The actual 
temperature alteration (initial temperature, 15°) is entered, and 
that per gram of oil dissolved. The determination of the oil dis- 
solved in the case of the paraffin oils and stearate was, however, 
impossible, as the emulsion could not be separated from the un- 
dissolved stearate. 


Temperature Evolution per 

alteration. gram dissolved. 

¢ : . ‘ TT 
Stearate with 20 e.c. benzene ... — 2°-65 —0°-0385  —25 eal. 

s 1l0c.c. paraffin b.p. 93° —O -35 -- 

99 » l0e.e. 99 » wr +O -30 —- 
Soap » 20c.c. benzene ... — -58 —O -102 
10 c.c. paraffin b.p. 93° -20 —0 O41 
10 e.e. 198° +O +25 -+-0 -080 
10 c.c. 257° LQ. -0-340 +37-4 


It will be seen that the magnitude and sign of the thermal 
disturbance depends on the nature of the oil used; doubtless the 
combination of it with the soap is exothermic in all cases, but the 
heat evolved is generally more than counterbalanced by that 
absorbed in the attendant fusion of the solid stearate or of the 
semi-solid soap. 


Naphthalene and Soap. 


Cousins, in the little book already mentioned, claims that as 
the results of “exhaustive experiments” he had established that 
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“ 


the presence of naphthalene greatly assists in producing “a 
paraffin emulsion of a kind and perfection superior to that obtain- 
able with paraffin and soap alone,” and he secured a patent (1895, 
No. 13201) for such a substance for use as an insecticide under 
the name of paranaph, the directions for the preparation of which 
were: melt 100 grams of soft soap with 38 parts of water; then 
dissolve 10 parts of naphthalene in it, after which 16°7 volumes of 
paraffin oil are incorporated in it. The results of these exhaustive 
experiments have, however, never been published, and no evidence 
seems to exist that the insecticidal properties of such a substance 
are greater than those of ordinary paraffin emulsion (see J. S.-E. 
Agric. Coll., 1896, 5, 51, where some trials on hop aphis are given, 
but without comparison with those obtained with other insecti- 
cides). It is not clear in what condition Cousins considers the 
paraffin to be present in this substance, for he states that “it 
dissolves readily in cold water so as to give a milky emulsion— 
from which no visible separation of oil takes place even after 
standing for several weeks in open air.” But if the paraffin is dis- 
‘solved, it is not present as an emulsion, and if it is emulsified, it 
is not dissolved, and in the latter case would certainly (in part at 
any rate) rise to the surface, for its specific gravity would be 
about 0°9. The facts of the case appears to negative all Cousins’s 
contentions ; paraffin oil, as has been seen, dissolves in soap without 
the addition of naphthalene ; naphthalene, on the whole, diminishes 
its solubility; the greater part of the naphthalene separates from 
the liquid on dilution, and if the paraffin is present in such pro- 
portions as not to be entirely dissolved, the excess rises to the 
surface as an emulsion. 

The behaviour of naphthalene with soap exhibits none of the 
peculiarities shown by paraffin; it dissolves to a small extent in 
heated soap, rendering it more liquid, but, on cooling, some of the 
naphthalene separates in the crystalline form. The solubility 
seems to be increased by the addition of a little water, but 
diminishes on further dilution. Thus, with potash soap: 


Grams of naphthalene dissolved 


Water. at 100° at 5° 
0 (2-0) 
100 100 (3-5) 
100 200 (4-0) 


Soap... 4 
f 
| 
-| 
100 4. 300 5-9 
1 
f 
t 


100 


~~ 
“Ic 
~—~— 


100 600 y 
100 1000 
100 2000 


bl dt 


but the values with the more concentrated soap solutions (enclosed 
in brackets) are very uncertain, as the liquids cannot be filtered, 
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and cannot be diluted without altering their composition ; whether 
the naphthalene has dissolved or not has to be determined by the 
clearness of the solution, and this is interfered with by frothing. 
In another instance, 10 grams of naphthalene were digested at 
100° with 100 grams of soda soap previously diluted with 38 c.c. 
of water, and the product, after cooling, dissolved in @ c.c. of 


water; the results were: 


x= 300, naphthalene remaining dissolved = 1-8 grams. 
c= 600, ” ” = 15 ” 
x= 1000, ” ” ” = 13 ,, 
x= 2000, ” ” ” = 0-9 ,, 


A considerable tendency for the naphthalene to remain in a 
state of supersaturation for many hours was observed in these 
experiments. 

When to a solution of naphthalene in soap paraffin oil is added, 
and the product dissolved in water, then, according to the propor- 
tions of the reagents taken, there occurs either complete dissolu- 
tion, or partial dissolution with the separation of some emulsion 
and crystallised naphthalene, which latter either sinks to the 
bottom, or becomes entangled in the emulsion at the top. Much 
of the naphthalene must also be dissolved in the oil globules, since 
its solubility in lighting oils is 12 grams in 100 c.c. at 15°. 

In the following experiments, 10 grams of naphthalene (volume 
87 c.c.) were dissolved in 100 grams of soap, then worked with 
oil, and the product dissolved in 950 c.c. of water. The emulsion 
was determined in the usual way, and any deposit of naphthalene 
in the liquid separated and dried. The data obtained gave the 
volume of oil+naphthalene which remained in solution (entered 
in column IT); the volumes taken are entered in column I, and the 
volumes of each which would remain in solution if either the oil 
or the naphthalene had each been present alone, as determined by 
separate experiments, are given in column III, whilst the differ- 
ence between the sums of these latter volumes and of that dis- 
solved when the two substances are present together are given in 
column IV. 

In Nos. 8—10, 38 c.c. of water were previously added to 100 
grams of soap, so that in No. 8 we have the same proportions of 
all the substances as in Cousins’s paranaph, the soap, however, 
being soda, instead of potash soap, and in soda soap the whole of 
the oil becomes dissolved without the formation of any emulsion. 

It will be seen from Nos. 6, 7 and 10, where the volume of oil 
taken is large, that the presence of naphthalene results in a con- 
siderable reduction in the volume of oil dissolved, the volume of 
oil+ naphthalene dissolved being even less than that of the oil 


100 PICKERING : THE DETERGENT ACTION OF SOAP. 


Taste IT. 


Naphthalene (N) and Oils Dissolved in 100 Grams of Soap. 


Volumes dissolved. 


Volumes taken. Taken together. Taken separately. Difference, 
l Ill. LV. 
Potassium soap and lighting oil. (L). 
13-7 


24-8 
N. 


Soda soap (diluted) and lighting oil. 


25-4 25-4 
42-0 


Soda soap (diluted) and Benzene. 
47-5 
10 , 5: 35-1 49-0 —13-9 
1-3 ) 

dissolved when oil alone is taken. Where, however, the propor- 
tion of oil taken is smaller (Nos. 1—4 and 9), there is a similar 
reduction, although quite insignificant in amount. In No. 8, 
however, we have an exception, the presence of the two substances 
together resulting in much more of them being dissolved than 
when they are taken separately; but this increase is due, not to 
more paraffin, but to more naphthalene having been dissolved, for 
the whole 8°7 c.c. of this substance, instead of only 1°3 c.c., have 
remained in solution. Doubtless this is an accidental case, the 
naphthalene having remained dissolved in a state of supersatura- 
tion ; and in one or two other cases, besides those already mentioned 
(p. 99), it was noticed that a similar supersaturation was main- 
tained until the liquid was drawn off from the emulsion. Such 
an instance, however, lends no support to the view that naphtha- 
lene increases the solubility of paraffin. 
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Summary. 


The detergent action of soap is due, in part to its power of 
emulsifying oil, the oil globules of which become enclosed in a 
pellicle which prevents them rendering contiguous substances oily ; 
in part to the lowness of surface tension between oil and soap 
solution; and perhaps in part to the union of dirt with the acid 
soap produced by hydrolysis. A more important factor is that 
oils, even paraffin oils, dissolve in soap to form soluble compounds, 
which contain in some cases nearly equal weights of oil and soap. 
Except when the oil added is small in amount, a certain propor- 
tion of it becomes emulsified, and incapable of combining with the 
soap, owing to the protecting pellicle, hence considerable excess of 
oil must be taken for the soap to combine with the maximum 
amount of oil possible. The compound formed is not decomposed 
by excess of water, but dilution of the soap previous to its treat- 
ment with oil results in much less oil combining with it, because 
a larger proportion of the latter becomes emulsified. 

The combination of soap with oil is accompanied by a series 
of physical changes explicable by the nature of the products 
formed—a soluble, limpid compound, on the one hand, and an 
emulsion, which is almost solid, on the other. The proportions of 
oil and soap which will unite with each other depend on the 
chemical, and not merely physical, nature of the reagents, and an 
appreciable heat-disturbance, either negative or positive, accom- 
panies the reaction. Naphthalene does not behave towards soap 
as paraffin does, but dissolves in it to a limited extent, some of the 
crystalline substance separating on cooling or dilution. The 
presence of naphthalene decreases the amount of paraffin dissolved 
by soap. 


HARPENDEN. [Received, January 19th, 1917.] 


Xi.—Mercury Mercaptide Nitrites and their Reaction 
with the Alkyl Iodides. Part III. Chain Com- 
pounds of Sulphur. 


By Prarutia Cuanpra Rav. 


Tae present communication deals mainly with a class of thio- 
compounds which may be conveniently termed potential mer- 
captans. Thiocarbamide, as also the substituted thiocarbamides, 
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thioacetamide, and thiobenzamide, may be, among others, placed 
under this group. It has already been shown that under the 
influence of suitable reagents, for example, monochloroacetic acid, 
iodine, etc., some of them assume the tautomeric form of imino 
mercaptans, and thus become reactive (T., 1914, 105, 2159; and 
T., 1916, 109, 698). It occurred to the author that a class of 
corresponding nitromercaptides might be obtained from these by 
reaction with mercuric nitrite, and from the latter, again, a new 
series of disulphonium compounds. This anticipation has not been 
realised in the expected direction. The main interest in the 
investigation would, however, seem to centre round the fact that 
a series of chain compounds of sulphur has been obtained, some 
containing as many as six sulphur atoms. The isolation of the 
long expected dimercuric di-iododisulphide, I-Hg-S-S:Hg-I, has 
also been effected. 

Thiocarbamide, for instance, under the influence of mercuric 
nitrite would be expected to yield the compound 

NH,°C(S:HgNO,):NH, 

thus : 


NH,*C(SH):NH + Hg(NO,),=NH,-C(S*HgNO,):NH + HNO,. 


This reaction actually proceeds as indicated above, but the result- 


ing compound has been found to be incapable of existence as such; 
in the nascent stage it assumes the stable form by the conversion 
of the bivalent into the quadrivaient sulphur atom by fixing a 
molecule of mercuric nitrite, thus: 


HgNO, HgNO, 
1 ate | 
NH,°C(:NH)—S—Hg—O— NO; —> NH,-C(-NH)—S—-Hg + N,0, 
: wesc | i 
O 


Thiocarbamide, however, yields the above compound only under 
special conditions, which are described in detail later. The main 
product of the reaction is also a nitrite, but a purely inorganic 
one, having the formula 3(SHgNO,),HgO. Before we discuss its 
constitution further, it is necessary to add that the mono- and di- 
alkylated thiocarbamides, thioacetamide, thiobenzamide, as also the 
thiocarbimides, by reaction with mercuric nitrite yield the same 
substance. 
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PART III. 


REACTION WITH THE ALKYL IODIDES. 


Mechanism of the Reaction. 


Thioacetamide and thiobenzamide will be first considered. 
Under the influence of mercuric nitrite they assume the tautomeric 


form, thus: 
R-C(-NH)-SH (where R is an alkyl or aryl group), 
and the initial reaction is as follows: 


R-C(:NH)-SH + NO,*Hg-NO, = R-C(:NH) S-HgNO, + HNO,. 


Scission, however, takes place, as shown by the dotted line. The 
radicle, R-C(°NH)-, acting on three molecules of water, generates 
acet- or benz-aldehyde, as also the corresponding acids, with the 
elimination of two molecules of ammonia, 


2R-C(:NH)* + 2H,0 + H OH =R-COH + R-CO,H + 2NH,. 


The radicle -*SHgNO,, on the other hand, might be expected to 
condense to NO,HgS:SHgNO,; the compound actually formed is, 
however, an oxidation product of the formula NO,HgS-O-SHgNO, ; 
the liberation of nitrous acid, as shown above, evidently assists 
this process. This compound is, however, formed only in rare 
instances; in nine cases out of ten the radicle assumes the more 
stable form, 3(SHgNO,),HgO. 

Thiocarbamide and its alkylated derivatives equally yield this 
substance. It is only in the case of thiocarbamide, and under 
special conditions, that the compound shown above is formed ; here 
also scission takes place, as shown by the dotted line, thus: 


NH,-C(:NH) S‘HgNO,. 


The radicle -SHgNO, becomes detached and exists in the per- 
manent form, 3(SHgNO,),HgO. In the filtrate, ammonia is found 
in quantity; whilst in the case of the interaction of diethylthio- 
carbamide and mercuric nitrite, instead of ammonia, ethylamine is 
obtained. 

It is worthy of note that in the case of mono- and di-alkylthio- 
carbamides no tendency towards the formation of the intermediate 
sulphonium oxynitrite has been observed. This is what might have 
been expected. The molecule, being already loaded with one or 
two alkyl groups, at once decomposes, and does not lend itself 
to the formation of the cyclo-compound. 

The carbimides also yield the same product, namely, 
3(SHgNO,),HgO, although they cannot behave as imino- 
mercaptans. Here also it is the tendency of the bivalent sulphur 
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atom to become quadrivalent, that may be regarded as the under- 
lying principle of the reaction, thus: 
RN:C:S< +Hg(NO,), —> RN:C:8<NB 
The rupture takes place along the line of least resistance, and 
the radicle >s<ng decomposes into the stable radicle 


*‘SHgNO, with the evolution of nitrous fumes, whilst the organic 
portion of the complex RN:C < with a molecule of water yields 
a primary amine and carbon monoxide. 

The formula of the substance 3(SHgNO,),HgO is only the 
empirical one based on analysis; it represents, however, an un- 
saturated compound. In order to obtain an insight into its real 
constitution, the formula should be doubled, thus: 

[3(SHgNO,),Hg0]}, 


or 


HgNO, HgNO, HgNO, SHgNO, 
| | | ! 

NO,Hg-S-S -—-S—- 8 S:‘S-HgNO, = 
! 


asl . , I 
Hg-O-:NU ; NO, } iNO, - NO-0-Hg 
HgNO, HgNO, HgNO, HgN0, 
" 


| | im 
NO,Hg8'8 s s S+S-HgNO, + 2N,0, 
Hg——-O O——-—Hg 


In other words, as soon as there is an opportunity for the formation 
of the stable radicle -SHgNO,, every three of these take up an 
additional molecule of mercuric nitrite (that is, the radicles HgNO, 
and NO,), and the two complexes coalesce into a single molecule 
with the evolution of two molecules of nitrogen trioxide. 

On a previous occasion (T., 1916, 109, 133), in explaining the 
formation of the compound Et,S,Hg(NO,).,HgO by the interaction 
of ethyl disulphide and mercuric nitrite with the evolution of 
nitrous fumes, it was assumed as a working hypothesis that the two 
atoms of bivalent sulphur became quadrivalent. In the present 
investigation this hypothesis has been elaborated and found to 
hold good throughout, not only in explaining the formation of the 
compound under discussion, but also that of the compound 
NH,°C(:-NH)-S-HgNO,, and also the reaction between thiocarb- 
imides and mercuric nitrite. The hypothesis, being in conformity 
with all the observed facts, now stands on a solid foundation. 

By treating the compound, Hg,8,0,N;, which is highly 
reactive, with the alkyl iodides, some interesting chain com- 
pounds of sulphur have been obtained, notably one of three 
sulphur atoms, having the formula HgI-SEtI-S-SEt, in which one 
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sulphur atom is quadrivalent and the remaining ones bivalent, and 
dimercuric di-iododisulphide. 

It is the affinity of the sulphur atom for the radicles -HgI and 
‘HgNO, respectively that may be regarded as the underlying prin- 
ciple in the formation of derivatives of this type. From analogy, 
also, one might have expected a compound of the formula 
NO.Hg*S*S:HgNO,, and not NO,Hg*S-O-S:HgNO,, but the mode 
of its formation, as also of dimercuric di-iododisulphide, explains 
the difference in their constitution. The former is produced by 
‘wet’ reaction in the presence of nascent nitrous acid, which acts 
as a powerful oxidising agent, whereas the latter is the product of 
a reaction which precludes the possibility of oxygen taking any 
part whatever. 

It will be noticed that, whenever there are more than two atoms 
of sulphur in a molecule, some (but not all) can become quadri- 
valent. Thus the sulphonium derivative of ethylene mercaptan, 
empirically formulated as (C,H,S,).,HgI,,EtI, should be repre- 
sented as 

A S. 
C,H Hel Rt SCH, 
\s— S/ 
! ! 
I I 
in which formula only two of the four sulphur atoms are quadri- 
valent (T., 1916, 109, 605). The compound 
Hgl 
EvS-S+8*Et 
I 
has only one quadrivalent sulphur atom, whereas in the compound 
|3(SHgNO,),HgO}],, containing six sulphur atoms, the two extreme 
members in the long chain are bivalent, the intermediate ones being 
quadrivalent. In connexion with this, it is of interest to note that 
Auld, in his recent investigation on alkali polysulphides (T., 1915, 
107, 480), suggests that calcium polysulphide should be formu- 


, S 
lated as Cay >s:8:8:, that is, the sulphur atoms at one end of 


the chain are quadrivalent, whilst the atom at the other end is 
bivalent. 

Methyl iodide, when heated on the water-bath in contact with 
the above complex inorganic oxynitrite, yields as the main pro- 
duct, besides nitromethane, the compound Me,§S,,HgI,,MeI, which 
has been previously described (T., 1916, 109, 606) as having been 
obtained by treating mercury methylmercaptide nitrite with 
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methyl iodide. The present reaction, however, is of interest, 
inasmuch as a purely inorganic salt, and not a nitromercaptide, 
yields a compound of the disulphonium series. When the higher 
alkyl iodides are substituted, the reaction assumes various degrees 
of complexity. 

It may be added here that the compound Et,S,Hg(NO,).,Hg0, 
when heated with ethyl iodide is converted into the corresponding 
disulphonium compound, Et,S,HglI,,EtI. 


ExPERIMENTAL. 


Interaction of Mercurie Nitrite and Thiocarbamide. 


A very dilute, aqueous solution of thiocarbamide is added in a 
thin stream from a 5 c.c. pipette, with constant shaking, to a fairly 
concentrated solution (about 100 c.c.) of mercuric nitrite (in the 
shape of sodium mercurinitrite; T., 1907, 91, 2031). A curdy, 
white precipitate is formed, which should be collected at once; the 
operation should, in fact, be performed within five minutes. The 
filtrate is set aside, when it begins slowly to deposit a yellow, 
heavy, granular powder; to it is now added from time to time, at 
intervals of twenty minutes to half an hour, 5 c.c. of the thiocarb- 
amide solution as before. Successive crops of the yellow salt are 


thus continuously obtained. The reaction should be allowed to 
proceed for several hours. During the course of the reaction 
bubbles of gas are given off, and the odour of nitrous fumes is 
distinctly perceptible. 

The curdy, white precipitate as obtained above, when dried in a 
vacuum over sulphuric acid, assumes a very faint yellow tint. 
It has the constitution 


HgNO, 
NH,-C(:NH)-S—Hg 
a 
O 
and dissolves in hydrochloric acid, evolving nitrous fumes: 
Found: C=2°00. 
0°1222 gave 7°8 c.c. at 32° and 760 mm. N=7-00.* 
01004 ,, 0°0872 HgS and 0°0414 BaSO, Hg=74°87; 
S=5°66. 
CH,0,N.SHg, requires C=2°23; N=7°82; S=5°96; Hg=74'49 
per cent. 
The compound [3(SHgNO,),HgO}, is, as explained above, the 
stable modification of that obtained by the interaction of mercuric 
nitrite and thiocarbamide. The substituted thiocarbamides, thio- 


* Another preparation’ gave N=7-17. 
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acetamide, thiobenzamide, and the thiocarbimides yield only this 
variety, to the exclusion of the former. As it was difficult to 
believe that the product obtained in each case was an inorganic 
salt of identical composition, it was subjected repeatedly to com- 
pustion analysis, but the amount of carbon was negligible, as it 
varied from 0°2 to 0°5 per cont. This is no doubt due to traces 
of the organic reacting agents being co-precipitated. 

The compound is heavy, granular, and yellow, and can be dried in 
a steam-oven. It is insoluble in water or acetone, but dissolves in 
hydrochloric acid, especially on warming, with effervescence and 
copious evolution of nitrous fumes. When boiled with water, it 
decomposes and is converted into black mercuric sulphide: 


0°1206 gave 0°1065 HgS and 0°0742 BaSO,. Hg=7613; 
S=8°45. 

0°1328 gave 0°0838 BaSO,. S=8°66. 

01172 ,, 38 cc. N, at 31° and 760 mm. N=3°60. 

{0°2028 ,, 0°0012 CO, and 0°0036 H,O. C=0716; H=0°20.] 

Hg,8,0,N, requires Hg=76°19; S=9°14; N=4:00 per cent. 


If this compound, instead of being removed, is left in contact 
with the mother liquor for a week, or sometimes even for a fort- 
night, it slowly undergoes a remarkable change in composition, a 
dull red, and on some occasions a scarlet, modification of mercuric 
sulphide being produced. The formation of the dull red, as also of 
the crystalline, form of the sulphide by the wet process has not, so 
far as we are aware, been previously noticed. 

An analysis of the red sulphide, necessarily impure, gave 
Hg=83'43, S=14°29, whilst theory requires Hg=86°20, S=13°80 
per cent. 

When diethylthiocarbamide is used in the reaction, a compound 
of the formula NO,Hg-S-O-S:HgNO, is occasionally also formed : 


01010 gave 0°0810 HgS and 0°0760 BaSO,. Hg=6'14; 
S=10°34. 

0°1694 gave 5°2 c.c. N, at 29° and 760 mm. N=3°44. 

Hg.S8,0;N, requires Hg=69°94; S=11:19; N=4°90 per cent. 


Interaction of Mercurie Nitrite and Allylthiocarbimide. 


In this preparation particular care should be taken not to add 
an excess of the thiocarbimide. The following method is recom- 
mended. A very dilute solution of allylthiocarbimide in alcohol is 
added in a thin stream, with constant shaking, to a fairly concen- 
trated solution of the nitrite. If the former happens to be present 
even in slight excess the precipitate at once turns black, and is 
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ultimately converted into mercuric sulphide. During the reaction 
nitrous fumes are evolved. 
The presence of allylamine in the filtrate was proved. 


Interaction of the Compound |3(SHgNO,),HgO|, and the Alkyl 
Todides. 


(a) Methyl Iodide.—As pointed out above, methyl iodide yields 
the disulphonium compound, Me,8,,HgI,,MeI. The method of 
procedure is exactly the same as in the interaction of mercury 
mercaptide nitrites and the alkyl iodides. The product, purified 
by precipitation from its acetone solution with ether, melted at 
162°: 

0°1552 gave 0°0296 CO, and 0°0200 H,O. C=5°20; H=1°43. 

00864 required 23°1 c.c. AgNO, solution in acetone=3°78 c.c. 

N /10-AgNO,=0°0480 I. I=55°60. 

0°1872 gave 0°0550 Hg. Hg =29°38. 

C,H,I,8,Hg requires C=5°22; H=1°30; [1=55°21; Hg=28'98 

per cent. 

(b) H#thyl Iodide.—In this case the reaction is by no means so 
simple as above; the mother liquor contains nitroethane and un- 
changed ethyl iodide, and when it is evaporated a deposit of red 
mercuric iodide is left. The yellow residue in the flask is repeatedly 
exhausted with acetone, which dissolves the organic constituents. 
The insoluble portion consists mainly of impure dimercuric di-iodo- 
disulphide, I-Hg-S-S:Hg-I. 

The acetone filtrate on evaporation gives a mass of yellow 
crystals, and by careful fractionation a product melting at 86—88° 
ean be separated. It approximates to the formula Et,S,HgT, or 

Hgl 


! 
EusS:S:S:Ee - 
' 
[ 
Small quantities of the compound Et,8,,HgI,,EtI (m. p. 112°), and 
another substance with a higher melting point, are also among the 
products. It is not, however, easy to obtain them in a pure state. 


Analysis of the Substance Melting at 86—88°. 


0°1372 gave 0°0378 CO, and 0°0351 H,O. C=7°51; H=2'84. 
02412 ,, 0°0760 Hg, 01947 AglI, and 0:2374 BaS0,. 
Hg=31'51; I1=43°62; S=13°52. 
0°2234 gave 0°0708 Hg. Hg=31°69. 
C,H, I,8,Hg requires C=7:89; H=1°64; Hg =32°89; I=41°77; 
S=15'79 per cent. 
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Dimercurice di-iododisulphide, as prepared in the above manner, 
is always contaminated with some of the unchanged compound, 
|3(SHgNO,),HgO},. It was therefore dried, powdered, and boiled 
with ethyl iodide, this process being repeated, and after each treat- 
ment with ethyl iodide the product was repeatedly exhausted with 
acetone so as to remove the soluble constituents referred to above: 

0°2616 gave 0°1480 Hg. Hg=56°59. 

0°2374 ,, 0°1346 Hg and0°1565 BaSO,. Hg=56°'70;S=9°05. 

Hg,I,8, requires Hg=55°71; S=8'91 per cent. 

Dimercuric ditododisulphide is a pale yellow, granular powder. 
It slowly darkens in diffused daylight; on exposure to direct sun- 
light this process is hastened, but when kept in the dark the 
original yellow colour is restored. Similar instances of reversible 
phototropic properties are only met with in the class of organic 
colouring matters known as the fulgides. 


I avail myself of this opportunity to express my sincere thanks 
to Mr. M. L. Dey, M.Sc., for his ungrudging help in the tedious 

estimation of sulphur in these compounds and for some suggestions 
as to their constitution. 


CHEMICAL LABORATORY, 
PresiDENCY COLLEGE, CALCUTTA. | Received, June 27th, 1916.] 


XIl.—Azoxycatechol Ethers and Related Substances. 


By Gertrupe Mavup Rosinson. 


Ir has already been shown that 6-nitro-3:4-methylenedioxy- 
mandelic acid (I) is changed in boiling nitrobenzene solution into 
4:5: 4! : 5/-dimethylenetetraoxyazobenzene-2 :2/-dicarboxylic acid 
(II) (Robinson and Robinson, T., 1914, 105, 1466; 1915, 107, 
1759), and it is now found that the same azo-acid is the main 
product of the decomposition of the substance by means of a hot 
aqueous solution of sodium or potassium hydroxide. 


ay <0” \CH(OH)-Co,H 07% \co,u co,H/ So 
CH< i lxo 2 CH <ol  ly2t——— | lg PCH 
wo - \7F 
(I.) (II.) 
Under these conditions, however, about a quarter of the mandelic 
acid derivative is transformed into a neutral, bright yellow, crystal- 
line substance, C,,H,,O,N., which separates from the alkaline solu- 
tion. The investigation of this compound has demonstrated that 
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it is azoxypiperonal (III), and it may be obtained, although in 
smal] yield, by the action of sodium methoxide on nitropiperonal 
in methyl-alcoholic solution. It yields a diphenylhydrazone crystal- 
lising in red needles, and is changed by nitric acid to a nitro 
dimethylenetetraoxyazoxybenzenecarboxylic acid (IV), which 
undergoes a complex change in alkaline solution (compare p. 119). 


<r \cHo CHOS No 
A rae 
(III.) 


CH, CH, 


/\co,H NO,/ > 
CH.<O NON Joes 
(IV.) 


Bamberger (Ber., 1911, 44, 1966) has prepared 2: 2/-azoxybenz- 
aldehyde (V) by the hydrolysis of its methyl and ethyl acetals, and 
finds that it undergoes a curious reaction in boiling acetic acid or 
under photochemical influence, resulting in the production of the 
lactone of 3-hydroxy-o-indazylbenzoic acid (VI), a substance which 
had already been obtained by Carré (Compt. rend., 1906, 148, 
54). This lactone yields azobenzenedicarboxylic acid on oxidation 
by chromic acid. The close connexion between the indazole group 
and the ortho-substituted azo- and azoxy-benzenes had already 
been demonstrated by Freundler in a series of papers (for ex- 
ample, Compt. rend., 1903, 186, 370). Azoxypiperonal exhibits a 
behaviour similar to that of azoxybenzaldehyde, and is changed in 
hot acetic acid or nitrobenzene to the lactone (VII), which 
resembles the indazole derivative from the simpler substance, and 
yields the azodicarboxylic acid (II) on oxidation with a solution 
of chromic acid. 


of N\A 


Pg rN 
~atelcent /\/ \e A/S 


1 ewececos 
“ ~~ J 
(V.) 


O-: ASS \n- Fe 
a 
\/ 
(VIL) 


CH,< | 


AND RELATED SUBSTANCES. 


The Constitution of the Azoxy-compounds.* 


The attention of the author was directed to this subject by the 
consideration of the reaction between azoxypiperonal and nitric 
acid, which results, as stated above, in the production of an un- 
symmetrical substance. One of the aldehydo-groups is oxidised 
to carboxyl, the other is displaced by nitroxyl, whilst the substance 
remains a derivative of azoxybenzene. This seemed an anomalous 
result if the azoxy-compounds have the usually accepted structure 
A, whilst it would be readily explicable if the arrangement B 
(compare Briihl, Zeztsch. physikal, Chem., 1898, 25, 577) is con- 
tained in the molecules of these compounds. 


O O 


f* 
a © ae aa 
ere’ Psa comaaan, 


Now, the nitration of veratrole proceeds in sharply defined stages 
according to the conditions. In acetic acid solution no trace of 
dinitroccompound is formed, and the yield of 4-nitroveratrole is 
quantitative. The dinitroveratrole is, however, produced by the 
action of nitric acid (D 1°42) on the mononitro-derivative, and in 
this case also the yield approximates closely to that demanded by 


theory. The azo-group does not inhibit the nitration of the vera- 
trole nucleus in acetic acid solution, and azoveratrole yields 
dinitroazoveratrole under these conditions. For these reasons, it 
was considered that the behaviour of azoxyveratrole on nitration 
would afford a criterion as to the value of the structures A and B 
as representations for the azoxy-compounds. If azoxyveratrole 
has the constitution (VIII) of the B-type, then one nucleus is 
approximately in the condition of the nucleus in nitroveratrole, 
and the other ring is in a condition which cannot differ greatly 
from that of the nuclei of azoveratrole. In consequence, only a 
single nitro-group should be introduced in acetic acid solution, 
whilst the dinitroazoxyveratrole should be obtained by treatment 
of the mononitro-derivative with nitric acid (D 1°42). On the 
other hand, if the structure (IX) of the A-type represents azoxy- 

* The author regrets that, at the time of communication of this paper, 
the important work of Angeli and Valori on the constitution of the azoxy- 
compounds had been overlooked and is grateful to the Editor for affording 
an opportunity to repair this omission. The Italian chemists have brought 
forward evidence sufficient to establish the unsymmetrical constitution of 
azoxy benzene and the priority in this matter belongs to them. The author 
is permitted to state that a brief account of this interesting work will form 


a part of the forthcoming “‘ Annual Reports on the Progress of Chemistry 
for 1916,” 
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veratrole, there appears to be no reason why both nuclei should 
not be nitrated under conditions which are sufficient to nitrate 
the substance at all. 
, O 
ee . 4 

Meo” \N:0 MeO \win’ \oMe 

MeO. J MeO. y, \ OMe 

Nitroveratrole. ( XIII.) 
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(VIIL.) (IX.) 
Azoxyveratrole was easily obtained in good yield by the usual 
method applied to nitroveratrole, and, on treatment with nitric 
acid in acetic acid solution, gave no trace of a dinitro-derivative, 
but an excellent yield of mononitroazoxyveratrole (X), which by 
dissolving in nitric acid (D 1°42) was changed to dinitroazoxy- 
veratrole (XI). The result is strong evidence in favour of the 
structure (VIII) for azoxyveratrole. Several substances contain- 
ing two veratrole nuclei symmetrically placed in a single mole- 
cule are known, and in all cases the two nuclei are simultaneously 
attacked on nitration. Examples are diveratrylmethane (XII) 
(G. M. Robinson, T., 1915, 107, 275), azoveratrole (XIII) 
(Robinson and Robinson, T., 1915, 107, 1756), and eudesmin 
(XIV) (R. Robinson and H. G. Smith, J. Proc. Roy. Soc. New 
South Wales, 1914, 48, 458). Each of these substances yields a 
dinitro-derivative under the conditions of the nitration of azoxy- 
veratrole to the mononitro-derivative. 
Bromination in acetic acid solution converts azoxyveratrole into 
a monobromo-derivative, a result which harmonises with the fact 
that nitroveratrole cannot be attacked under such conditions. 
O 
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Since it will probably be conceded that as far as possible the 
azoxy-compounds should all be represented in a similar manner, it 
remains to state the opinion that even on general grounds the 
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unsymmetrical structure is a better representation of the proper- 
ties of the substances than the usual symmetrical one. On the 
physical side, in addition to Briihl’s argument from the refractive 
power, there is the pale yellow colour, which harmonises better 
with the idea that azoxybenzene is the phenylimine of nitro- 
benzene than with the suggestion that this substance is related to 
hydrazobenzene in the same way that ethylene oxide is related to 
ethane. The low melting points and relatively ready solubilities 
of the members of this group are in a general manner probably 
due to their unsymmetrical structure. On the chemical side, the 
author is not aware that any valid argument has been advanced 
against the structural formule advocated. The relations with 
azobenzene, nitrosobenzene, and phenylhydroxylamine are perhaps 
a little better represented by the unsymmetrical than by the i 
symmetrical formula. A comparison of the reactivity of the azoxy- 
compounds and the nitrosoamines has been made by Lachman 
(Amer. Chem. J., 1899, 21, 433), who concludes that since the 
nitrosoamines are much more active than the azoxy-compounds, 
the latter cannot have a structure of the type B represented above. 
This comparison, however, fails, since the nitrosoamines contain 
tervalent nitrogen and the azoxy-compounds a quinquevalent 
nitrogen atom, and the diminution of reactivity which accom- 
panies the conversion of nitrosobenzene into nitrobenzene indicates 
that it is not possible to compare the nitrosoamines with Briihl’s 
formula for the azoxy-compounds. It may further be pointed out 
that on the Hantzsch-Werner hypothesis it is possible to predict 
the existence of stereoisomeric modifications of the azoxy-com- 
pounds either on the basis of the usual structure or that suggested 
by Briihl. It is probable that such modifications have been isolated 
by Reissert (Ber., 1909, 42, 1364). 


EXPERIMENTAL. 


4:5:4/:5'-Dimethylenetetraoxyazobenzene, 
A\win/ \ 
cH<o; JNA( 0>cH,. 
Ww 


An attempt was made to prepare dimethylenetetraoxyazoxy- 
benzene by the reduction of nitromethylenedioxybenzene with 
sodium methoxide in methyl-alcoholic solution, and in view of the 
smooth production of azoxyveratrole, which is described below, it 
is somewhat remarkable that the only product appeared to be a 
nitrophenol, the nature of which is being investigated. However, 
it was found possible to obtain the azo-derivative of the piperony] 
series in the following manner. 


VOL, CIX. 
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Nitromethylenedioxybenzene (1 gram) dissolved in ethyl alcohol 

(50 c.c.) was mixed with potassium hydroxide (2 grams) and 
water (8 c.c.), and reduced at the boiling point of the liquid during 
five minutes by means of zinc dust (4 grams). The filtered solu- 
tion deposited yellow platelets on cooling, and these were collected 
and purified by extraction with a very large volume (about 500 c.c.) 
of very dilute hydrochloric acid. The substance was then recrystal- 
lised from ethyl acetate, and was obtained in long, narrow, golden 
plates melting at 236—237°: 

0°0839 gave 7°9 c.c. N, at 22° and 742 mm. N=10°7. 

C,,H,,O,N. requires N=10°4 per cent. 

In most solvents this compound is sparingly soluble, moderately 
so in hot acetone or benzene, and readily so in nitrobenzene. Its 
solution in sulphuric acid is purple, and a magenta coloration is 
also developed in acetic acid solution by the addition of a drop 
of sulphuric, hydrochloric, or nitric acid. The deep blue solution 
in nitric acid (D 1°4) quickly becomes purple, and the intensity 
of the colour rapidly diminishes as the substance becomes nitrated. 
The derivative formed separates from solution in yellowish-brown 
crystals, and may be recrystallised from nitrobenzene. It is so 
obtained in bright red needles melting at 305° with some decom- 
position, and at the same temperature when mixed with a speci- 
men of 2: 2/-dinitro-4 : 5 : 4’ : 5'-dimethylenetetraoxyazobenzene 
obtained by the method described in a former communication 
(Robinson and Robinson, T., 1915, 107, 1761). 


Azoxyveratrole (Formula VIII). 


A solution of sodium methoxide was prepared from sodium 
(10 grams) and methyl alcohol (100 grams), and, after the addi- 
tion of 4-nitroveratrole (15 grams), the mixture was boiled under 
reflux during thirty minutes. Towards the end of this period 
the product of the reaction separated in glistening needles, and, 
when the operation was finished, the mixture was cooled, an equa! 
volume of water added, and the crystals collected and washed with 
alcohol. The material so obtained was nearly pure, and, when 
dried, weighed 11 grams. The substance is sparingly soluble in 
alcohol, moderately so in acetic acid, chloroform, or ethyl acetate, 
and dissolves freely in benzene. It is best crystallised from acetone, 
and is so obtained in yellow, prismatic needles melting at 
155—156°: 
0°1467 gave 11°4 c.c. N, at 18° and 749 mm. N=9°0. 

C,,H,,0;N, requires N=8°8 per cent. 
The substance dissolved in sulphuric acid to a bright red solu- 
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tion, but was decomposed, since it could not be recovered after the 
addition of water. On strongly heating an intimate mixture of 
azoxyveratrole with clean iron filings, a readily crystallising distil- 
late of azoveratrole was obtained. After crystallisation from 
acetic acid, this substance melted at 186°, whereas Robinson and 
Robinson (loc. cit.) give 182° as the melting point of azoveratrole 
obtained by the reduction of nitroveratrole with zinc and sodium 
hydroxide in alcoholic solution. Kauffmann and Kugel (Ber., 
1911, 44, 2388) had previously assigned the melting point 163° to 
the substance, and it is clear that impurities are removed with 
difficulty from the product of the direct reduction of nitroveratrole. 
A mixture of the pure substance obtained from azoveratrole and 
a specimen melting at 182°, previously prepared, melted at 
183—186°. Of the two methods, the one now described has the 
advantage, both from the point of view of purity of product and 


of yield. 


~ Meo” S Br” NOMe 

6-Bromoazoxyveratrole,* MeO. JNo=> 
VW a 

A solution of bromine (1°6 grams) in acetic acid (20 c.c.) was 
gradually added to azoxyveratrole (3 grams) dissolved in acetic 
acid (50 ¢.c.). The mixture was cooled in ice water during ten 
minutes, after which water was added and the precipitate collected 
and crystallised from acetic acid, and then from ethyl acetate. 
The bright yellow needles melted at 165°, and were sparingly 
soluble in alcohol, but readily so in acetone or benzene: 

01401 gave 0°0679 AgBr. Br=20°6. 

C,¢H,;,0;N.Br requires Br=20°2 per cent. 
Fruitless attempts were made to prepare a dibromoazoxy- 


veratrole. 


6-Nitroazoxyveratrole (Formula X). 


A mixture of azoxyveratrole (2°4 grams) and acetic acid (60 c.c.) 
was treated in the cold with a solution of nitric acid (12 c.c., 
D 1°42) in acetic acid (30 ¢.c.). The azoxy-compound passed into 
solution, and after about ten minutes the nitro-derivative separated 
in the crystalline condition and in almost quantitative amount. 


* Ithas now become necessary to distinguish between the two aromatic nuclei 
of azoxybenzene and its derivatives. The system suggested is that substituents 
in the nucleus attached to the tervalent nitrogen atom should be indicated 
by simple numerals and those in the other nucleus, assumed to be attached 
to quinquevalent nitrogen, by dashed numerals. Such a convention has 
the advantage that it does not disturb the existing nomenclature, but attaches 
to it a more precise meaning. 
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It was collected and recrystallised from acetic acid, from which it 
separated in bright yellow needles melting sharply at 185°: 
0°1322 gave 13°6 c.c. N, at 18° and 744 mm. N=11°9. 
C,¢H,;0;N, requires N=11°6 per cent. 

The substance may also be crystallised from amyl] alcohol or 
ethyl acetate, and in the process of crystallisation from either of 
the three solvents mentioned there always appeared to be two 
distinct stages. First, bright orange, prismatic needles separated, 
and at a later stage slender, yellow needles. The orange crystals 
retain their appearance when pulverised, but the two forms melt 
alone or when mixed at 184—185°. No tendency for one form 
to change into the other was noticed. This substance is sparingly 
soluble in most organic solvents, but dissolves somewhat readily in 
chloroform even in the cold. The solution in sulphuric acid is 
momentarily bright red, rapidly fading to yellowish-brown. 


6 :6/-Dinitroazoxyveratrole (Formula X1). 


This substance was readily obtained in amount closely corre- 
sponding with that demanded by theory when either azoxyvera- 
trole or the mononitro-derivative described above was dissolved in 
four times its weight of nitric acid (D 1°42). In either case a 
clear solution was formed, from which the dinitro-compound almost 
immediately separated. After five minutes, water was added, and 
the orange precipitate collected, washed with water, dried, and 
crystallised from nitrobenzene, care being taken to avoid undue 
prolongation of the necessary heating with the solvent, since failure 
to observe this precaution was found to result in partial decom- 
position. The substance was obtained in orange leaflets melting 
at 287°, and very sparingly soluble in solvents: 

0°1127 gave 13°0 c.c. N, at 13° and 732 mm. N=13°4. 

C,,H,,OgN, requires N=13°7 per cent. 

Dinitroazoxyveratrole (1 gram) was dissolved in sulphuric acid 
(3 grams), and the solution allowed to remain during an hour 
and a half, when the colour changed from brown through violet 
to deep indigo-blue. On pouring into water, a brick-red pre 
cipitate was obtained, and this was collected, washed, dried, and 
crystallised from nitrobenzene. The brilliant red needles were 
identified by the method of mixed melting points and by careful 
direct comparison with 2:2/-dinitro-4:5:4/:5/-tetramethoxyazo- 
benzene (Robinson and Robinson, Joc. cit.). It was not found 
possible to obtain an azo-compound by a method similar to the 
above from mononitroazoxyveratrole. 
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hit Azoxypiperonal (Formula ITI). 


A number of comparative experiments were instituted in order 
to determine the best conditions for the production of the 
dialdehyde from nitromethylenedioxymandelic acid. The yield 


\ could not, however, be raised to an amount greater than corre- 
wo sponds with 25 per cent. of that demanded by theory. 

d, A solution of 6-nitro-3 : 4-methylenedioxymandelic acid (5 grams) 
Is in aqueous sodium carbonate (10 c.c. of saturated solution) was 
It boiled during two minutes, then mixed with a solution of sodium 
m hydroxide (3 c.c. of 40 per cent.), and cautiously heated until a 
ly vigorous reaction set in and ammonia was evolved. The reaction 


was allowed to proceed during one minute without further appli- 
cation of heat, water was then added, and the canary-yellow pre- 
cipitate separated from the deep brownish-red solution (A). The 
substance was washed with hot water and alcohol, and when dry 
weighed 0°9 gram. It was crystallised from amyl alcohol, in which 
it is sparingly soluble, and again from pyridine, being obtained in 
golden, hair-like needles: 
0°1159 gave 0°2406 CO, and 0°0330 H,O. C=56'6; H=3°2. 
0°0848 ,, 6:1 cc. Ny at 21° and 757 mm. N=8'4. 
C,,H,,O,;N. requires C=56'1; H=2°9; N=8'2 per cent. 
Azoxypiperonal is sparingly soluble in organic solvents, and dis- 
solves in sulphuric acid to a characteristic, bright leaf-green solu- 
tion. If very quickly heated, it seems to melt at about 198°, but 
when the pure substance is heated at a moderate rate, it darkens 
at 200°, and at about this temperature appears to change into the 
lactone described below, without melting. This changed material 
gives no colour in sulphuric acid solution, and does not melt at 
350°. A very small yield of azoxypiperonal can be obtained by 
the application of the usual method for the preparation of azoxy- 
compounds to nitropiperonal in the following manner. 
Nitropiperonal (10 grams) was added to a solution of sodium 
methoxide (from 8 grams of sodium) in methyl alcohol (100 c.c.), 
and the mixture boiled until a test portion diluted with water no 
longer gave a crystalline precipitate of nitropiperonal, but only a 
flocculent precipitate, and it was found to be important that this 
stage should not be passed. The whole was then poured into 
water, the precipitate collected and extracted with boiling alcohol, 
and the residue crystallised from amyl alcohol. The slender, 
yellow needles consisted of azoxypiperonal, and showed the same 
behaviour on heating in sulphuric acid and in the formation of 
the diphenylhydrazone as the substance obtained from the nitro- 


methylenedioxymandelic acid. 
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The Diphenylhydrazone.—This characteristic derivative was 
obtained from azoxypiperonal in the usual way by condensation 
with phenylhydrazine in cold acetic acid solution during twelve 
hours. The substance separated in red needles, and was collected 
and crystallised from ethereal solution by the addition of a few 
drops of light petroleum (b. p. 50—60°). It formed bright red 
needles melting at 203—204°: 

0°0811 gave 11°0 c.c. N, at 12° and 742 mm. N=16°0. 

C,;H».O;N, requires N=16°2 per cent. 

The substance is rather inclined to undergo decomposition, and 
is readily soluble in most solvents. It may be crystallised from 
benzene in glistening, red needles, but this process, to be success- 
ful, must be rapidly manipulated. 

The alkaline solution A was acidified with hydrochloric acid, 
and the red precipitate collected, washed with boiling alcohol, and 
crystallised from nitrobenzene. The brick-red needles consisted 
of 4:5:4/:5/-dimethylenetetraoxyazobenzene-2 : 2/-dicarboxylic acid 
(II), and melted at 270°, alone, or mixed with a specimen of that 
acid obtained as described by Robinson and Robinson (loc. cit., 
p. 1761), but, as the melting point is also a decomposition point, 
the identity was further confirmed by conversion of the substance 
by the action of nitric acid into 2: 2/-dinitro-4 : 5 : 4’ : 5/-dimethylene- 
tetraoxyazobenzene. 


The Lactone of 3-Hydroxy-5 : 6:4! :5!-dimethylenetetraory-2- 
phenylindazole-2'-carboxrylic Acid (Formula VII). 


This substance is obtained from azoxypiperonal by simply heat- 
ing to 215° or by boiling the substance with acetic acid, or, better 
still, with nitrobenzene. From the latter substance, the lactone 
separates in clusters of small, colourless needles which do not melt 
at 350°: 

0°1144 gave 0°2493 CO, and 0:0292 H,O. C=59°4; H=2°8. 

C\,H,O,N, requires C=59°3; H=2'5 per cent. 

The substance is very sparingly soluble in most solvents, and 
gives a colourless solution in sulphuric acid. It exhibits the 
normal behaviour of a lactone, and dissolves in boiling alcoholic 
potassium hydroxide, and the solution remains clear on dilution 
with water. On acidification, the lactone is only gradually repro- 
duced from the hydroxy-acid. The precipitate is at first soluble 
in alkaline solutions, but in course of time becomes insoluble. A 
small quantity of this indazole derivative was oxidised by half its 
weight of chromic acid in acetic acid solution. The mixture was 
gently heated during two minutes and then added to water, the 
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precipitate collected and dissolved as far as possible in dilute 
aqueous sodium hydroxide, and the filtered solution acidified. 
The red flocks were collected, and after crystallisation from nitro- 
benzene, the substance was identified as 4:5:4/:5/-dimethylene- 
tetraoxyazobenzene-2 : 2/-dicarboxylic acid. 

This indazole lactone is probably produced in the form of the 
corresponding hydroxy-acid by the action of sodium hydroxide on 
nitromethylenedioxymandelic acid. It was repeatedly noticed that 
the alkaline solution A mentioned above, on acidification, yielded 
the red precipitate, but after some time a colourless substance 
also separated from the solution. This product had the properties 
of the lactone produced from azoxypiperonal. 


2-Nitro-4:5:4!:5/-dimethylenetetraoxyazorybenzene-2!- 
carboxylic Acid (Formula IV). 


Azoxypiperonal (1 gram) was added to nitric acid (4 grams, 
D 1°42), when brown fumes were evolved and a mustard-yellow 
solid separated ; after ten minutes, water was added and the pre- 
cipitate collected. The substance has acidic character, and with 
sodium carbonate forms a fine, golden-yellow, glistening, sodium 
salt, which was crystallised from hot water, and the acid then 
recovered by acidification. It could now be crystallised from 
nitrobenzene and obtained in slender, mustard-yellow needles, which 
darken at 320° and melt and decompose indefinitely above 330°: 

0°0817 gave 7°4 c.c. Ny at 18° and 762 mm. N=10°8. 

C,;H,O,N, requires N=11°2 per cent. 

0°1029 required for neutralisation 0°0116 NaOH, whereas this 

amount of a monobasic acid, C,;H,O,Ns, requires 0°0110 


NaOH. 

The substance is extremely sparingly soluble in most organic 
solvents ; it suffers no change in boiling sodium carbonate solution, 
but is attacked by sodium hydroxide, with the formation of two 
new substances. Unfortunately, material was lacking for a com- 
plete investigation, and the nature of one of the products of the 
reaction cannot be indicated. The violet claret solution was 
acidified while hot with hydrochloric acid, and the red, flocculent 
precipitate separated by filtration. The filtrate deposited colour- 
less crystals, which have not yet been examined, but consist of a 
substance which dissolves in sodium hydroxide solution with an 
intense reddish-violet colour. The red precipitate closely resembles 
dimethylenetetraoxyazobenzenedicarboxylic acid, but is not 
identical with that substance. It is acidic, dissolves in sulphuric 
acid to an intense royal blue solution, and on treatment with nitric 
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acid yields 2:2/-dinitro-4:5 :4/ :5/-dimethylenetetraoxyazobenzene, 
but on reduction and condensation of the resultant diamine with 
phenanthraquinone, methylenedioxyphenanthraphenazine was iso- 
lated. There can therefore be no doubt that the red precipitate 
consists essentially of 2-nitro-4:5:4!:5/-dimethylenetetraoxyazo- 
benzene-2'-carboaxylic acid. The substance crystallised from hot 
nitrobenzene in bright red needles melting at 270°. 

4:5-Diaminocatechol methylene ether, isolated as 2 :3-methylene- 
dioxyphenanthraphenazine, was also obtained by the reduction of 
the nitroazoxycarboxylic acid by means of stannous chloride and 
hydrochloric acid. 


A No 
Nitropiperonaldimethylacetal, CH,< OH(OMe),. 


7 


This substance was prepared in the hope that it might be con- 
vertible into an azoxy-compound by the usual methods, and so form 
a source of azoxypiperonal, but nothing of the desired character 
could be isolated from the products of the reaction between this 
acetal and sodium or potassium alkyloxides in methyl- or ethy]l- 
alcoholic solution. 

The acetal was found to be most conveniently prepared by the 
interesting method discovered by Perkin and employed in the pre- 
paration of the dimethylacetal of a homologue of nitropiperonal 
which results from the degradation of cryptopine (T., 1916, 109, 
911). 

Nitropiperonal (15 grams) dissolved in boiling methyl alcohol 
(200 c.c.) was treated with nitric acid (5 drops), and after a minute 
the liquid was allowed to cool. The acetal crystallised and was 
collected, and a further quantity could be obtained by diluting 
the mother liquor with water. The substance was well washed 
with a solution of sodium hydrogen sulphite and crystallised from 
methyl alcohol. The almost colourless, flat needles melted at 69°, 
and are rather readily soluble in organic solvents, with the excep- 
tion of light petroleum : 

0°1514 gave 7°8 c.c. N, at 18° and 742 mm. N=5°9. 

C,»H,,O,N requires N=5°8 per cent. 

The substance does not exhibit an aldehydic character, and gives 
no indigotin with acetone and sodium hydroxide. It is readily 
hydrolysed to nitropiperonal and methyl alcohol (acetate) by 
means of acetic acid and a drop of sulphuric acid. All attempts 
to produce azoxy-compounds resulted in the hydrolysis of the 
methylenedioxy-group. 
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MeO’ \NO=——N/’ \OMe 


N 
Azoayveratraldehyde, 461 |oHo CHO! OMe: 
sie — 


The behaviour of 6-nitro-3 :4-dimethoxymandelic acid is entirely 
similar to that of the methylenedioxy-analogue, and the reaction 
with sodium hydroxide was carried out in an identical manner. 

The alkaline filtrate from the yellow precipitate was acidified 
with hydrochloric acid, and the red substance collected and crystal- 
lised from nitrobenzene. Beetle-green crystals were obtained, and 
these melted at 274° alone or mixed with a specimen of 4:5:4/:5/- 
tetramethoxyazobenzene-2 : 2/-dicarboxylic acid (Robinson and 
Robinson, Joc. cit.). 

Azoxyveratraldehyde is more readily soluble than azoxy- 
piperonal, and may be crystallised from ethyl alcohol, but better 
from amyl alcohol. It is obtained in bright yellow, slender needles 
melting at 185°: 

0°0480 gave 3°0 c.c. N, at 15° and 760 mm. N=7°5. 

C,,H,,0,N. requires N=7°5 per cent. 

The substance dissolves in sulphuric acid to an emerald green 
solution. On boiling with nitrobenzene or acetic acid, it is con- 
verted into a colourless substance, which crystallises from acetic 
acid in well-formed, colourless needles melting at 257°. In all 
respects this substance resembles the previously described indazole 
derivative from azoxypiperonal, and, like it, gives no colour in 
sulphuric acid, shows the behaviour of a lactone with alcoholic 
potassium hydroxide and on subsequent acidification, and without 
doubt is the lactone of a hydroxytetramethoxyphenylindazole- 
carboxylic acid. 
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XIII.—Evidence of the Eaistence in Malt of an 
Enzyme Hydrolysing the Furfuroids* of Barley. 


By Junian Levert Baker and Henry Francis Everarp Hutton. 


It has been shown by Tollens and Glaubitz (J. Landw., 1897, 106) 
and by Cross and Bevan (Ber., 1894, 27, 1064, 2604) that barley 


* The discussion of these substances is made difficult by the lack of 
uniformity in their nomenclature, the expressions pentosan and furfuroid 
having been used indiscriminately. Throughout this work, no pentosans or 
pentoses have been actually isolated, furfural having been estimated as a 
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contains 9 to 10 per cent. of furfuroids. The first-named authors 
(loc. cit.) estimated the amount of furfuroids in a weighed portion 
of barley and in the malt derived from the same barley, and con- 
cluded that the furfuroids in barley in no way diminished during 
the germination process (see also Cross and Bevan, loc. cit.; de 
Chalmot, Amer. Chem. J., 1894, 16, 218; J. Landw., 1896, 188), 
Tollens (J. Fed. Inst. Brewing, 1898, 4, 445) considers that during 
the malting process the furfuroids do not take part in respiration, 
and conjectures that by the respiration of the germinating barley 
fresh amounts of furfuroids or oxidation products which yield 
furfural (probably derived from starch) may be formed. This, he 
thinks, must remain a moot point, for the increase is so small that 
it may be due to experimental errors. Moreover, the possibility is 
also presented, although Tollens regards it as a slight probability, 
that, on the one hand, furfuroids are regenerated from sugar or 
starch, and, on the other, that they have taken part in respira- 
tion, so that the two compensate each other. 

Windisch and Van Waveren (IVochensch. Brau., 1909, 26, 581) 
have noted that during the malting process the amount of fur- 
furoids soluble in water present in the germinating barley pro- 
gressively increases. 

In one experiment (loc. cit.), Tollens found 9°26 per cent. of 
furfuroids in a sample of barley and 9°88 per cent. in the malt 
made from it. As he obtained a yield of dry malt from dry barley 
of 95°6 per cent., it would appear that the malt still retained its 
rootlets, or the yield would not have exceeded 91 per cent. This 
point is of importance, as we find malt rootlets contain, on the 
average, nearly twice as much furfuroids as barley. 

Cross (J. Fed. Inst. Brewing, 1897, 3, 2) obtained a yield of 5° 
per cent. of furfural from barley and 5°3 per cent. from malt, but 
whether this malt was from the same barley is not stated. 

The polysaccharides a- and B-amylan described by O’Sullivan 
(T., 1882, 41, 24) and by Brown and Millar (Trans. Guinness 
Res. Lab., 1906, 312), and the galactoxylan obtained by Lintner 
and Dull from barley (Zeitsch. angew. Chem., 1891, 538), are also 
of interest in connexion with the cereal furfuroids. 

During the course of this investigation, furfural was estimated 
by a process described by us (Analyst, 1916, 41, 244), which is a 
modification of Flohil’s method (Chem. Weekblad, 1910, 7, 1057) 
as elaborated by Eynon and Lane (Analyst, 1912, 37, 41), in 


measure of their amount. As, however, there are soluble as well as insoluble 
pentosans, we have decided to employ the general term “ furfuroid,”’ originally 
adopted by Cross and Bevan, as meaning any substance yielding considerable 
quantities of furfural on distillation with hydrochloric acid. 
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which advantage is taken of the reducing action of furfural on 
Fehling’s solution under standard conditions. 

The Fehling’s solution and furfural are heated in a flask fitted 
with an upright condenser in a boiling-water bath for forty 
minutes. Under these conditions, spontaneous reduction of 
Fehling’s solution falls from 20 to 4 milligrams of cuprous 
oxide (Analyst, loc. cit.). We have found the method to be one 
susceptible of great accuracy, and much to be preferred to the 
phenylhydrazine or phloroglucinol reactions usually employed. 

Since our early experiments confirmed Tollens in finding a 
slightly increased percentage of furfural in malt free from roct- 
lets as compared with the original barley, we thought it of interest 
to follow the distribution of furfuroids found in different parts of 
the barley and malt corn, the more so as we hoped to throw some 
light on the mechanism of the formation of furfuroid from non- 
furfuroid matter during germination. The following estimations 
of furfuroids in the entire corn were made on three samples of 
barley, and the corresponding malts freed from their rootlets: 

English. Oregon. Californian. 
Grams of furfural obtained from 

100 grams of dry barley 4-93 5-87 6-05 
Grams of dry malt yielded by 100 

grams of dry barley 90-7 91-9 86-8 


Grams of furfural obtained from the 
above weight of malt 5-63 6-07 5-87 


In the case of the English and Oregon malt, the furfuroids are 
in excess of those found in the corresponding weights of their 
original barleys, notwithstanding the removal of some 3°5 per cent. 
of rootlets, which themselves yield 9 per cent. of furfural, whilst 
the additional furfural matter formed during the germination of 
the Californian barley has just failed to compensate for that 
removed in the rootlets. It may therefore be inferred that during 
germination a small but distinct formation of furfuroids occurs. 

The next point investigated was the relative distribution of 
furfuroids in the barley and malt corns, the following values for 
furfural being obtained : 

Per cent. of furfural 
on dry weight. 
Entire barley corn (Oregon) 
Excised embryos before germination 
Young plumules germinated in the dark ... 


Rootlets (culms) from malt 
Malt husks (brewers’ grains) 


Here it will be seen that the furfuroid content of the embryo, 
which constitutes about 3 per cent. of the barley corn by weight, 
is appreciably lower, whilst the rootlets and husks of the malt are 
much higher than in the entire barley. 
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The fact that the rootlets of the malt are so much richer jy 
furfuroids than the embryos suggests that soluble furfuroids play 
their part in the development of the young plant. The question 
naturally arises as to how this furfuroid material in the rootlets 
has been elaborated, since at some time during germination fur- 
furoid matter must have become soluble to be conveyed through 
the embryo to form part of the cellular structure of the rootlet 
unless the furfuroid matter of the roots was formed entirely from 
diffusible sugars, such as maltose or sucrose. We thought some 
light might be thrown on this point by germinating embryos on 
a non-furfuroid medium, such as sucrose, to ascertain if they 
possessed the capacity of forming furfuroid material from such a 
substrate, or, in other words, a C,; carbohydrate from a biose. 
Tollens (/oc. cit.) was aware of this possibility, and suggested that 
an atom of carbon was removed from a hexose during respiration. 
Our mode of experiment was to soak barley in water for a few 
hours, then excise the embryos and grow them in Petri dishes 
on sterilised sand moistened with 5 per cent. sucrose solution 
containing a trace of asparagine. The germination was conducted 
in the dark, any disturbing factors arising from possible photo- 
synthesis being thus avoided. 

After four days’ growth, the germinated embryos, which grew 


quite freely, were withdrawn from the sand, carefully washed, 
dried in a vacuum, weighed, and the furfuroids in them estimated. 


Original ungerminated 
barley embryos. Germinated embryos. 
Weight per 1000 (dry) ... 1-10 grams. 1-6 grams. 
Increase in weight, per cent. 44 
Per cent. of furfural on dry 
4-68 6-41 
Furfural per 1000 embryos 0-05 gram 0-10 gram 


The barley embryos may be considered to consist of two kinds 
of matter, namely, furfuroid (10 per cent.) and non-furfuroid (90 
per cent.). On being allowed to germinate on sucrose—sand, the 
dry weight of each embryo is increased by about 44 per cent., 
whilst the furfuroid per embryo has been doubled, and the pro- 
portion of furfuroid per cent. on total matter has been increased 
from 4°68 to 6°4. 

Since the results show there is an increase in weight and in 
furfuroid content during germination, it may be concluded that 
sucrose has been absorbed and in part converted into furfuroids. 
There is, however, another possible explanation of the phenomenon, 
namely, the formation of new furfuroids from the 90 per cent. of 
non-furfuroids present in the embryo before germination. Thus 
whilst sucrose is being used by the embryo to form new furfuroid 
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tissue, some of the original non-furfuroids in the embryo under the 
stimulus of active growth are producing furfuroids. 

The obvious extension of this experiment was to ascertain if 
there were a similar production of furfuroids in the embryo when 
growing naturally attached to its own endosperm. A sufficient 
number of corns were soaked in water for sixty hours and then 
placed between layers of clean, damp linen, and germinated in the 
dark for six days. The young plantlets were then excised from 
their endosperms, dried in a vacuum, weighed, and the furfuroid 
matter estimated. 

The furfuroids were estimated in these residual endosperms from 
which the embryos had been removed, for on consideration it will 
be evident that unless there is a formation of new furfuroids, any 
gain in the amount found in the embryos should balance the loss 
sustained by the endosperms. 

The following figures show that there is no evidence of the 
formation of new furfuroids: 

Furfural per 1000 barley Corns ...........ccccccsseccseccscccccceccecs 2 22 grams. 


‘i embryos after germination 0-23 on 
= residual endosperms after germination ... . 


Now 0°23+1°87=240, which is an amount slightly less than 
the furfural in the original barley, namely, 2°22 grams. 

It will thus be seen that the embryo, when grown naturally, 
prefers to use the furfuroids of its own endosperm rather than 
elaborate such matter from sugar, which, as we lave previously 
shown, it can do when grown on sucrose—sand. 

Such a transference of furfuroids suggests the probability of 
enzymic activity involving the hydrolysis of insoluble furfuroids 
and the passage of the soluble products through the epithelial 
layer of the embryo. 

We can find no references in the literature to an enzyme capable 
of hydrolysing an insoluble furfuroid ; in fact, E. F. Armstrong, in 
“The Simple Carbohydrates and the Glucosides” (Longmans, 
1910), on p. 37, denies the existence of such an enzyme. 

We thought it of interest to estimate the water-soluble furfural- 
yielding material in malt as compared with barley, for if the 
furfuroids of barley are subject to enzymic hydrolysis during 
germination, it is to be anticipated that the amount of such soluble 
products will be greater in the malt. 

Barley and the malt made from it were finely ground and 
extracted for four hours with cold distilled water, the furfural 
obtainable from the clear filtrate being estimated. The results 
obtained are given in the following table, the furfural expressed 
(1) as a percentage on the original total material extracted, (2) as 
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a percentage of the total furfural, and (3) as a percentage of the 
total matter soluble in water: 


Barley. Malt. 
7 Cali.“ Cali.» 
English. Oregon. fornian. English. Oregon. fornian, 


Total furfural per cent. 

on dry matter 5-87 6-05 6-21 6-61 6-77 
Soluble furfural per 

cent. on dry matter 0-28 0-19 0-20 0-96 0-81 0-88 
Soluble furfural per 

cent. on total fur- 

fural 5-6 3-2 3-3 
Soluble furfural per 

cent. on total soluble 

matter . 2-2 2-2 


The anticipated formation of soluble furfuroids has occurred, 
since only from 3 to 5 per cent. of the total furfuroid matter in 
barley is soluble, whilst from 13 to 16 per cent. of that in malt 
dissolves in cold water. 

The fact (shown in the last line of the table) that the weight 
of furfural expressed as a percentage on total matter soluble in 
water is slightly higher in malt than barley, whilst the water- 
soluble matter in malt is more than three times as great as in 
barley, shows clearly how marked has been the formation of soluble 
furfuroids during malting, and also indicates that the formation 
of the soluble furfuroids has more than kept pace with the forma- 
tion of other sugars during germination. 

As a quantitative measure of the activity of the enzyme, we 
measured the furfuroid matter passing into solution from barley 
when acted on by the active enzymes present in germinating malt 
—a stage at which it was to be expected that a “ pentosase” would 
be at a maximum state of activity. Control experiments for 
estimating the already existing soluble furfuroids in the same malt 
and barley were made separately alongside the digestion of the 
mixture, in order that the amount so passing into solution could 
be deducted from the total found in the mixture, and thus a 
measure obtained of the furfuroids passing into solution as a result 
of the action of green malt enzymes on insoluble furfuroids. 

Barley and green malt were digested separately and in admixture 
in the presence of toluene for sixty-eight hours at 35°. At the 
end of this period the digestions were filtered, and the furfural 
obtained from the filtrates was estimated. The experiments were 
carried out with Californian and White Oregon barleys, the follow- 
ing results being obtained: 
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Oregon. Californian. 


—_. 


™ er “~ 
Mixture of Mixture ot 
Green barley and Green barley and 
Barley. malt. malt. Barley. malt. malt. 
Weight of material 
used (grams) 
Volume of 
water (c.c.) 
Dry weight of ori- 
ginal material cor- 
responding with 
i Gil 6-22 = 42% 5-61= 40% 
Furfural obtained 
from filtrate per 
100 grams of ori- 
ginal dry matter 
(grams) 0-9 1-91 1-45 
Furfural caleulated 
per 100 grams of 
barley after cor- 
recting for malt 
present in mixture 
(grams) 
Increase due to en- 
zyme action. Fur- 
fural (grams) 


In both cases there-is an appreciable increase in the amount 
of soluble furfuroid matter obtained from barley in the presence 
of the green malt as compared with that dissolved by water alone. 
The green malt from the Oregon barley proved the more active, 
this being probably due to the fact that it had remained on the 
malting floor for ten days, whilst the Californian was only four 
days old. We think these results may be regarded as evidence in 
support of the production of soluble furfuroid material from 
insoluble furfuroid material by the action of a “ pentosase”’ con- 
tained in the green malt extract. 

It may be urged that the increase in furfuroid content of barley 
when acted on by green malt is not necessarily due to a 
“ pentosase,” but to the aqueous extraction of furfuroid material 
otherwise insoluble. This might arise from the dissolution of the 
cellular membranes or walls enclosing soluble furfuroid material. 
Arguments in favour of this alternative explanation would be 
weakened if it could be proved that insoluble furfuroids could be 
rendered soluble when using a substrate previously heated in such 
4 manner as to liberate any furfuroids so enclosed. 

It is well known that when an aqueous infusion of malt is 
poured into an excess of strong alcohol, a precipitate containing 
amylase separates. It appeared likely that such a precipitate 
would also contain the “ pentosase’’ just alluded to, and we accord- 
ingly prepared some from a sample of green malt which had 
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germinated for six days on the floors, and presumably contained 
the enzyme in an active condition. The substrate which we 
selected for this enzyme to work on was malt grains, a material 
rich in furfuroids. The mash-tun grains were purified by digest. 
ing, in the first place, with diastase to remove any adhering 
starch, followed by treatment with acid and alkali (1°25 per cent.) 
in the cold. These grains were then acted on by the aqueous solu- 
tion of the enzymes for three days at 30° in the presence of a 
little toluene, filtered, and the furfural obtainable from the filtrate 
estimated. A control experiment in which a portion of the boiled 
enzyme preparation was digested was carried out alongside. This 
is necessary, since the alcoholic precipitate of the green malt 
extract carries down with it a certain amount of furfural-yielding 
substances. 

The original sample of dried grains yielded 20°5 per cent. of 
furfural, and when subjected to the action of the precipitated 
enzymes, the hydrolysed soluble products formed as the result of 
the action yielded 2°2 per cent. of furfural; that is to say, 107 
per cent. of the total furfuroids in the grains were converted into 
products rendered soluble by the action of a furfuroid-splitting 
enzyme. Here there can be no suggestion of the extraction of 
soluble furfuroids due to cytase action alluded to above, since the 
grains have already been subjected to treatment which would 
result in their liberation and removal. 

In order to obtain still further confirmatory evidence of 
“pentosase” action, the following experiment was made, in 
which the sugars formed as a result of its action on dried 
grains were estimated by their reducing action on Fehling’s . 
solution. 

A quantity of green (English) malt grown for ten days on the 
malting floor was extracted with four times its weight of dis- 
tilled water for three hours at 15°. The clear filtrate was allowed 
to act on brewers’ grains which had been purified in the manner 
previously described, the digestions being made in the presence of 
toluene for ninety hours at 30°. Controls in which corresponding 
volumes of the boiled malt extract were employed were also carried 
out alongside. The reducing sugars in the filtrates were estimated 
at the end of the digestion period by Brown, Morris, and Millar's 
method (T., 1897, 71, 72), and the weight of cupric oxide obtained 
(corrected for the reducing power of the malt extract in the 
control) calculated into xylose by Daish’s tables (J. Agric. Sei., 
1914, 6, 258). The following results were obtained from two such 
digestions, the weight of dried grains substrate (1°5 grams) being 
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the same in both cases, but the volume of malt extract in the 
second being double that used in the first: 
II. 


Volume of malt extract used 5 c.c. 50 c.c. 
Weight of xylose obtained from 1-5 grams 
of grains (corrected for reducing 
power of malt extract) 
Xylose per cent. on grains ... 
Xylose per cent. on pentosan in the 
GROUND oc rccccscrccsscnavanssesconccccocesessqess 


The original sample of grains yielded 20°5 per cent. of furfural, 
multiplying by the customary factor, 1°75, this equals 35°8 per 
. of pentosan (furfuroids). Not only has the “ pentosase”’ in 
green malt extract produced a considerable yield of reducing 
gar from the grains, but the amount produced is proportional 
) the volume of enzyme solution employed. 


Summary and Conelusions. 


(1) Estimations of furfural yielded by barley and the malt made 
from it afforded evidence of a small but distinct production of 
furfuroid from non-furfuroid matter during the malting process. 

(2) Embryos excised from barley, when grown in the dark on 
sucrose, increased both in weight and furfuroid content. It is 
probable that the new furfuroid matter formed was derived from 
the sucrose substrate. 

(3) Barley embryos when grown in a natural state attached to 
their own endosperms showed on subsequent excision an increase 
in furfuroid content corresponding with the loss of the same 
material sustained by the residual endosperms. This may be taken 
as evidence of an enzyme capable of hydrolysing furfuroids in the 
non-embryo portion of the grain and of their transference in a 
soluble condition to the embryos in a manner analogous to that 
occurring under the influence of diastase in the starchy portion 
of the endosperm during germination. 

(4) In further experiments designed to -neasure quantitatively 
the activity of such a furfuroid-hydrolysing enzyme, digestion 
in vitro of green malt and barley showed that a portion of the 
insoluble furfuroids in barley became soluble as the result of 
enzymic activity of the green malt. 

(5) Using purified malt husks as a substrate, it is shown that 
10 per cent. of their insoluble furfuroids are hydrolysed to soluble 
furfural-yielding substances when acted on at 30° by the enzymes 
separated by alcohol from green malt. 
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(6) An aqueous extract of green malt when allowed to act on 
brewers’ grains produces reducing sugars (pentose) proportionate 
in amount to the volume of the malt extract employed. 


We desire to express our thanks to Miss A. Crawley for assist- 
ance in part of the experimental work recorded in this paper. 
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XIV.—‘ Stepped” Ignition. 
By Ricwarp VERNON WHEELER. 


During researches on the electrical ignition of gases, W. M. Thorn- 
ton has observed certain discontinuities, to which he has applied 
the term “steps,” and on which he bases a theory regarding the 
manner in which the ignition of inflammable mixtures of gases in 
general is effected. 

The steps were first recorded when determining the effect of 
change in the composition of mixtures of ethane and air on their 
ignition by condenser discharge sparks (Proc. Roy. Soc., 1914, [A], 
91,18). They are also stated by Thornton to occur when ignition 
is by the impulsive electrical discharge, either (1) when the pro 
portions of a combustible gas (for example, methane) mixed with 
air are varied, the pressure being maintained constant (Proc. Roy. 
Soc., 1916, [A], 92, 388), or (2) with a given mixture of com- 
bustible gas and air when the pressure is varied (Brit. Assoc., 1916, 
Section C; Colliery Guardian, 1916, 112, 503). 

Sastry (T., 1916, 109, 523), working at the Home Office Experi- 
mental Station, was unable to confirm the former of the two 
observations respecting ignition by the impulsive electrical dis 
charge in the case either of methane or of hydrogen. 

The remarkable nature of Thornton’s results, and the import- 
ance of the theories to which they lead, demands that anyone 
working on similar problems should carefully check them. This I 
have attempted to do in the case especially of mixtures of methane 
and air. 

The steps observed by Thornton when the percentage of methane 
in air was varied and ignition was by the impulsive electrical dis- 
charge were ill-defined, and are stated to have occurred only when 
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the sparking electrodes were unclean. Their existence is therefore 
doubtful. Using a method of experiment apparently similar to 
Thornton’s, I have been unable to detect any discontinuity, 
although the curve has been traced over a wide range half-a-dozen 
times or more. Incidentally, it may be stated that no discontinuity 
has been observed with mixtures of air with hydrogen or with any 
one of the gaseous paraffin hydrocarbons, the only gases with 
which experiments were made. An account of this work is 
reserved for a future communication. 
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I propose for the present to confine myself to an examination 
of the more striking discontinuities recorded by Thornton when 
a 9°5 per cent. mixture of methane and air was ignited at different 
pressures by the impulsive electrical discharge. 

A curve representing the results of Thornton’s experiments (loc. 
cit.) is shown in Fig. 1 (the curve on the right-hand side of the 
diagram). The “igniting-currents” recorded are those currents 
passing through the primary circuit of an induction coil which, 
when broken, gave secondary discharges just capable of igniting 
the mixture. 
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My own results are also shown in Fig. 1. The mixture of 
methane and air contained 9°51 per cent. of methane (by analysis) 
in the case of curves A and B, and 9°52 per cent. in the case of 
curve C, A different explosion-vessel was used for each curve, the 
spark-gaps of which differed slightly one from another, but were 
approximately 1 mm. in each case. Each curve is hyperbolic, and 
there is no sign of discontinuity. 

It would seem, therefore, that the production of ‘stepped igni- 
tion,” such as has been recorded by Thornton, requires some con- 
dition of experiment which I have been unable to reproduce—or 
have been careful to exclude. A detailed description of my 
experimental conditions is therefore given. 


EXPERIMENTAL. 


If the vibrating contact in the primary circuit of an induction 
coil is held closed and the circuit is suddenly broken, a single 
disruptive discharge takes place at a spark-gap in the secondary 
circuit. With a given spark-gap and a given rate of break of 
the primary circuit, the voltage of the secondary discharge is 
proportional to the primary current. 

The relative ease of ignition of different gaseous mixtures, or of 
the same mixture at different pressures, can thus be measured by 
measuring the least current passing in the primary circuit of a 
given induction coil which, when broken at a constant rate, gives 
a discharge or “spark” at a fixed spark-gap just capable of 
igniting the mixtures. 

It will be seen that to ensure truly relative results, it is essential 
(1) that the spark-gap in the explosion-vessel should be fixed and 
incapable of inadvertent or unobserved alteration, and (2) that 
no variation should occur in the rate of break of the primary 
circuit. 

In Fig. 2 is shown the form of explosion vessel used for the 
experiments described in this paper. It consists of a globe of 
stout glass of about 75 c.c. capacity, with fixed electrodes of stout 
platinum wire fused in. The electrodes reach to the centre of the 
vessel, and are covered with glass to within 1 mm. of their ends, 
which are sharpened to fine points. A three-way tap serves to 
make connexion with (1) a gas-holder and mercury manometer, and 
(2) a vacuum pump. 

Fig. 3 is a photograph of the arrangement for ensuring an 
unvarying rate of break of the primary circuit. The circuit is 
completed when the rod, A, touches the flat steel spring, B, remains 
established while the turntable revolves, and is suddenly broken 
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as soon as the rod slips off the end of the spring. The turntable 
is driven by an electric motor geared down to a slow speed, so that 
a break of circuit in the primary of the induction coil occurs every 
two seconds. A condenser of 0°25 microfarad is placed across the 
break to minimise sparking at the contacts. 

The coil used was an “8-inch” X-ray coil. Current was obtained 
from a battery of accumulators at 30 volts, and was measured 
(regulation being made by a sliding rheostat) with “ Weston ” 
ammeters. 

The gas-mixtures were stored over glycerol and water in glass 
gas-holders, and were analysed before use. The same supply (con- 
taining 9°51 per cent. of methane) was used for the experiments 
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recorded in curves A and B; the supply used for curve C con- 
tained 9°52 per cent. of methane. The gas was prepared by purify- 
ing and liquefying firedamp, obtained, compressed in cylinders, 
from a coal mine in South Wales, and contained 99°8 per cent. of 
methane (C/A on explosion analysis 2°00). 

As already stated, three different explosion vessels were used, one 
for each curve, the spark-gap in each case being about 1 mm. 

The method of experiment was that of trial and error. The 
explosion-vessel was thoroughly exhausted of air, and some of the 
gas-mixture admitted until the pressure as read on the mercury 
manometer was that required. An arbitrary current was estab- 
lished in the primary circuit of the induction coil, and ten 
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secondary discharges passed at the spark-gap by setting the revoly. 
ing contact in motion. If ignition did not take place before ten 
discharges had passed, the explosion-vessel was exhausted, a fresh 
charge of gas-mixture introduced, and a higher current tried; and 
so on, until the limiting current was fixed at each pressure within 
0°01 ampere for currents below 3 amperes and within 0°1 ampere 
for currents above that figure. 

Each point on each curve was checked three or four times, and 
no discrepancies were observed. At pressures as low as 50 mm. 
mercury it was difficult to decide by direct observation whether 
ignition took place or not, the glow of the discharge masking that 
of the ignited gases; a contraction in volume occurred at 50 mm. 
pressure (curve A) with an igniting-current of about 10 amperes. 

My friend Mr. Allan Greenwell has been good enough to make 
a mathematical analysis of curve A, the results of which are as 
appended. 


MATHEMATICAL. 
(By ALLAN GREENWELL.) 


The curve obtained by plotting igniting-currents as ordinates 
against pressures as abscisse is remarkably smooth, and suggests 
that it follows a definite law. 

Taking the experimental determinations at pressures of 1, 2, 3, 
5, and 7 “hundred mm.” of mercury as recorded by curve A, and 
assuming that the curve is a conic, the following empirical equa- 
tion is obtained : ' 


a? —11°6852x + 4°1867y2 —53°373y + 35°532y —77°865 =0. 


From this formula it can be shown that the transverse axis of 
the curve is inclined to the axis of abscisse at an angle of 
+47°33°75’. By rotating the axes of co-ordinates through this 
angle, so that they are brought into parallel with the axes of the 
curve, the equation becomes: 


ea) Bs (ar) om 
(*Fi83 2-496 i 


From this equation it is seen that the curve is a hyperbola, the 
semi-axes of which are 2°132 and 2°469 respectively, the centre 
being situated at the point «= +1°157, y= —0°895 referred to the 
new axes, or x= +1°444, y= + 0°2476 referred to the original axes. 

By calculation, the curve cuts the axis of abscisse and the axis 
of ordinates at r= +16°425 and y= +1407 respectively, and the 
transverse axis of the curve cuts the axis of abscisse - at 
x= +12176. 
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The following table gives the observed and calculated values of 


gz and y: 


Relative igniting currents. 
(Amperes). 
Pressures. (y). 
(Mm. of mercury). 


Obecrved.  Calbulated. 
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The fact of the hyperbola cutting the axes of co-ordinates 
has been very puzzling. Assuming that the experimental work 
is accurate, and that the numerical quantities represent the ex- 
perimental determinations truly, that is to say, that they quanti- 
tatively represent, respectively, the igniting power of the current 
and the state of compression ot the gaseous mixture at the exact 
moment and locus of ignition, then the curve cannot cut the 
axes. For there cannot be ignition at 0 mm. pressure, and at no 
pressure (under the conditions of the experiments) can the 
igniting current be less than zero. 

The following argument is suggested as a clue to a possible 
explanation of the apparent anomaly. The curve is plotted to 
rectangular axes, which assumes that the quantities represented 
by measurements along the axes are absolutely independent of 
each other. The question is: Does this condition prevail in the 
present case ? 

(1) If the current (y) is increased without intentionally chang- 
ing the pressure (x), a change of pressure may still take place, 
automatically, due to the energy of the spark. 

(2) If the pressure is increased without intentionally changing 
the current, a change in the activity of the spark may take place 
due to a change in the resistance of the spark-gap, caused by the 
change of the density of the intervening medium. 

In either of these hypothetical cases, the measurements to be 
represented by x and y would not be altogether independent of 
each other. 

An inspection of the accompanying diagram (Fig. 4) will show 
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that, in order to prevent the curve cutting the axes of co-ordinates, 


these axes must be parallel to the asymptotes of the curve, and 
the curve must lie wholly within one “ quadrant.” 

Using the same origin, but employing inclined axes parallel to 
the asymptotes of the hyperbola, then, considering any point on 
the curve, the new inclined ordinate (y’) will represent the real 


igniting power compared with the old rectangular ordinate (y) 
which represents the recorded igniting current. 


In the same 
manner, the inclined abscissa (x’) will show the real pressure 
compared with the recorded pressure (7). 


Fia. 4, 
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Pressures : ‘‘ hundred mm.” mercury. 


Calculated points on the curve, where they differ appreciably from 
the observed points, are shown as crosses. 


The relations between 2’, y’, and z, y, are given by the follow- 
ing equations, where ¢ is the angle between the asymptotes and 
6 is the angle of inclination of the transverse axis of the hyper- 
bola to the horizontal axis of abscisse : 

a’ =(a# — y cot ($/2 + 6)|[cos (¢/2—6) — cot d. sin(¢/2 — 6)] 
y' =(y +x tan (p/2 — 6)|[sin (6/2 + 6) + cot d. cos(d/2 + 6)]. 
In the case under consideration, ¢ = 98°21°68/ and @=47°33°75! 
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From these equations, the values of 2’, y’ have been calculated 
for the typical points on the curve, the rectangular co-ordinates 
of which were used for calculating the empirical equation of the 


curve: 
(x). (y). (x’). (y’). 
1-0 7-20 1-86 7-30 
2-0 3-15 2-38 3-24 
3-0 1-72 3-21 1-82 
5-0 0-87 5-12 1-02 
7-0 0-56 7-09 0-76 


The asymptotes of the hyperbola cut the inclined axes (OX’, 
OY’) at distances from the origin equal respectively to 


[p sin ($/2 + 6) — q cos (4/2 + 6)] cosec ¢. 


and 


[p sin (/2 — 6) +¢ cos (p/2 — 6)] cosec ¢. 


where p and q are the co-ordinates (rectangular axes) of the centre 
of the hyperbola. In the present case, p=1°444 and q=0°2476. 
Substituting numerical values, the expressions become respectively 
1479 and 0°2914. Then, taking the inclined co-ordinates of any 
point on the curve, and deducting from the abscissa the value 
1479, and from the ordinate the value 0°2914, and multiplying 
the differences, it is found that the product is always a constant 
and equal approximately to 2°66. 

The value of the constant (2°66) is equal to a®+6?/4, where a 
and b are respectively the semi-transverse and semi-conjugate axes 
of the hyperbola. 

It should be borne in mind that, throughout the present in- 
vestigation, the dimensions of the hyperbola have not been changed 
or its position with regard to the origin altered. The only varia- 
tions that have been made have been in regard to the inclination 
of the axes of co-ordinates and their included angle. 

The general conclusions suggested by this mathematical analysis 
of curve A are as follow: 

(1) The quantities represented by the observations of the 
igniting-eurrent and the degree of compression are mutually 


involved. 
(2) The real quantities, as distinguished from the recorded 


quantities, may be represented by employing inclined axes parallel 
to the asymptotes of the hyperbola, the position of the origin 
remaining the same. 

(3) The distance, parallel to the axis OX’, between the axis 
OY’ and the relative asymptote represents the real value of the 
minimum pressure at which ignition can be obtained (under the 
experimental conditions) with any current. The distance, parallel 
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to the axis OY’, between the axis OX’ and the relative asymptote 
represents the real value of the minimum current which can pro. 
duce ignition (under the experimental conditions) with any degree 
of compression. 

(4) The product obtained by multiplying the real value of the 
pressure less the minimum pressure by the real value of the igniting 
current less the minimum igniting current is constant. 


ESKMEALS, 
CUMBERLAND. [Received, December 27th, 1916.] 


XV.—Studies of the Carbonates. Part lI. Hydro- 
lysis of Sodium Carbonate and Bicarbonate and 
the Ionisation Constants of Carbonic Acid. 


By Cuarence ArtHuR SEYLER and Percy Vivian Lutovp. 


THE ionisation constant of carbonic acid in the equilibrium equa- 
tion [H] x [HCO,]=4,[H,CO,] is well established by the experi- 
ments of Walker and Cormack, and has the value 3°04 x 10-7 
at 18°. 

The value of the second ionisation constant in the equation 
[H] x [CO,]=%,[HCO,] is, however, still uncertain, even after 
correction of the value deduced by Bodlander (Zeitsch. physikal. 
Chem., 1900, 35, 32) from the experiments of Shields (ibid., 1893, 
12, 167), which was first made by McCoy (Amer. Chem. J., 1903, 
29, 437). 

This is due to the fact that the value of k, found experimentally 
varies with the concentration of the carbonate. 

Two methods have been used, namely: 

(1) That of McCoy (loc. cit.), who determined the ratio 

k, _ _ [HCO,} 
kg [CO,}. [H,CO,]" 

(2) That used by Shields (/oc. cit.), who determined the ratio 
kw _ [HCO,] 
kg (CUs] 
acetate, and by Auerbach and Pick (Arb. Kais. Geswndheitsamt, 
1911, 38, IT), who determined the hydrogen concentration colori- 


. [OH], by experiments on the hydrolysis of ethy! 


metrically. In both cases, the values of Ie and ~ increase 
3 3 


decidedly with dilution, but not in the same ratio, as would be 
expected if k; were really subject to variation. This can scarcely 
be the case, so that the cause of the apparent variation must be 


a ee, ee 
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sought in the degree of ionisation of the carbonate and 


bicarbonate. 


Let k. be the apparent value of the ratio — _Cxattco; 


= and 
Cya,C0s ° [H 9003] 


ka of the ratio Cxaticos | [OH]. 

: Cxa,co; 

The values of [H,CO,] and [OH] do not involve any ionisation 
correction, the latter having been directly determined either by 
the hydrolysis of ethyl acetate or by a colorimetric method ; but 
the values of Cyanco, and Cya,co, require to be multiplied by the 
degree of ionisation of the respective salts a and B. Hence 

k, —— a” kw — -_ 

(1) ki, k. B and (2) k. ka 2 

From this it is evident that &, and kq will not increase proportion- 
ately. 

ewan have been made by all workers to form estimates of 
the values of a and Bf. Stieglitz (Carnegie Inst. Publication, 
No. 107) assumes the dissociation of sodium bicarbonate to be the 
same as that of sodium acetate. This is probably a fair approxim- 
ation. The ionisation of the carbonate has been assumed to be 
the same as that of sodium sulphate. This is more doubtful. 
Stieglitz assumes for a concentration of 100 x 10-* 8=0°687 and 
for 300x 10-8 B=0°584. These are no doubt too high, since 
Harkins and Bray show (J. Amer. Chem. Soc., 1911, 38, 1864) 
that ions such as NaSO, exist in concentrated solutions. Bray 
estimates for c=100x10-% B=0°598 and for c=1000x10-3 
8=0°420. Auerbach and Pick simply assume a value B=0°60 for 
c=95x10-%. It appeared to us that the problem could be 
attacked in another way. If we have good determinations of k, 
and ky at corresponding concentrations, it is evident that we can 
calculate a by eliminating k, from equations (1) and (2), namely, 
_ ky ka 
: i. oe 

Here k, is well established. Most workers have taken too high 
a value for k,. For 25°, McCoy used k,,=1°2x 10-1, Auerbach 
and Pick k,,=1°05 x 10-14. 

The later determinations of Kanolt (Carnegie Inst. Publication, 
No. 63) give decidedly lower figures, namely, 0°82 x 10-™ at 25°. 

' egal and Pick have recalculated Shields’s values for kg as 
ollows : 


a 


c (equivalents). ka 
380-0 x 10-3 8-16 x 10-5 
188-0 9-50 

95-4 11-30 
47-6 12-60 
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The figures, plotted on logarithmic paper, lie very nearly on a 
straight line. McCoy gives values for &, which are subject to 
correction for the diminished solubility of carbonic acid in saline 
solutions, as shown by Stieglitz (loc. cit.): 


Cc. k. uncorrected. k. corrected. 
100 x 10-8 5290 5397 
300 4460 4691 
1000 3120 3726 


When &, is plotted against loge (where c=concentration in 
milligram-equivalents per litre), the results lie nearly on a straight 
line: k,=8739—167lloge. We thus get values for k, correspond- 
ing with the concentrations in Shields’s experiments: 


Cc. ka. b.. a calculated. 
95-4 10-8 11-30 x 10-5 5400 0-775 
188-0 9-50 4970 0-708 
380-0 8-16 4450 0-680 


The values for sodium acetate, according to Kohlrausch, are: 


c. a 

95-4 x 107-3 0-785 
188-0 0-739 
380-0 0-660 


The results are close enough to show that no great error will 
be made by taking the dissociation of the sodium bicarbonate as 
equal to that of the acetate. The dissociation of sodium chloride 
is decidedly greater. 

The empirical formula for k,=8739—1671 log ¢ serves to express 
the results between c=1000 and 100, but does not allow us to 
calculate the value at infinite dilution. If, however, by experi- 
ments at the highest possible dilutions we can obtain an approxim- 
ation to Me = k, “ at such dilutions that a?=f, we should have 


data for calculating B, at least approximately, since 
=-_ 4s 

isa k,/ks * 
In the experiments to be described, we determined /, at dilu- 
tions c=12°5 x 10-3, e=10 x 10-3, and even ¢=5 x 10-3, and found 
that it approached a maximum value of 7124, which we take 


 —, 


ky 
This gives us the value of k,=4'27 x 10-1! and 
Ig = ht = 19-2 x 10-5, 
ks 


D) 


It also enables us to calculate 8 from the formula B = 1] a”. 
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Thus we get: 


c. k.. a. a? B. 1-104—0-320log c. 
100 x 10-8 5397 0-783 0-613 0-464 0-464 
300 4691 0-700 0-490 0-323 0-311 
1000 3726 0-525 0-275 0-144 0-144 


It will be found that if B is plotted against loge, the result is a 
straight line, B= 1°104 —0°320 log c. 

This formula will enable us to evaluate 8 approximately between 
e=100x 10-8 and e=1000x10-%. It probably holds good even 
at far smaller concentrations, since the formula 8739—1671 loge 
gives for e=10x 10-8 a value 7068, against 7124 found. 

Since a? = 7124 B it follows that a is very well represented by 

; 0 wyo4 (1°104 - 0°32 log c) 
the formula a®?=7124 8739 — 1671 loge” 
The following values for a and 8 are calculated for round con- 


centrations. 
The concentrations are milligram-equivalents per litre: 


a 
cx 108 B a fa" 

50 0-560 0-822 190-4 x 1075 
100 0-464 0-782 281-6 
200 0-368 0-731 398-6 
300 0-311 0-694 472-4 
400 0-271 0-663 523-0 
500 0-240 0-636 556-8 
700 0-194 0-588 588-9 
800 0-175 0-566 592-4 
1000 0-144 0-525 579-4 


Norr.—These figures are carried out to three decimal places for purposes 
of calculation, but it is not of course supposed that they are significant to 
anything like this degree. 


These values represent the activity of sodium carbonate, that 
is to say, the active mass (as regards the CO, ion), and of sodium 
bicarbonate (as regards the HCO, ion) in equilibrium with each 
other and with carbonic acid. Those for a are founded on the 
ionisation of sodium acetate, calculated from the conductivity. 
The values for B are much smaller than would be expected from 
analogy to sodium sulphate, even after allowing for the presence 
of an intermediate ion, NaSO, (Harkins and Bray, loc. cit.). 

There is, however, evidence, shortly to be presented, that B 
really corresponds with the concentration of the CO, ion, and that 
the dissociation is not represented by Na,CO,=2Na+COs, but by 
Na,CO,=Na+ NaCO, and NaCO,=Na-+ COs. 

In the former case, the sodium ion concentration would be 
2[CO,]=2Be, where ¢ is the molecular (not equivalent) concen- 
tration, whilst the non-ionised sodium carbonate would be (1 —8)ec. 


ee TS 
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In the latter case, the sodium ion concentration will be greater, 
[Na’]=2[CO,]+[NaCO,], whilst the non-ionised carbonate will be 
smaller, Cya,co,=¢ —[CO,] —[NaCOg]. 

If a be the degree of ionisation of sodium carbonate in the first 
stage, we shall have Cya,co, =¢(1—a@) [CO;]=cB; also, since 

e¢= [COs] +[NaCO,] + Cyra.coy 
we have [NaCO,] =e —[CO3]—Cxa.co, = ¢ — eB - c(1 - a) =c(a- 8). 

Further, [Na’]=2Be + c(a—B]=c(a+ 8). 

In the mixtures such as we have been dealing with, in which 
the bicarbonate largely preponderates, we have assumed a to be 
the same as that of sodium acetate at the same total sodium con- 
centration. In this case, the assumption will not be far from the 
truth. 

In seeking to apply the results to solutions of pure carbonate, 
some other assumption with regard to the first-stage ionisation 
will have to be made, since the sodium ion concentration of a 
solution of pure carbonate is undoubtedly less than that of a solu- 
tion of bicarbonate of the same equivalent concentration. 

It may be said that, for the same reason, the value of 8 will 
be different in a decinormal solution of pure carbonate from what 
it would be in a mixture consisting chiefly of bicarbonate. How- 
ever, in McCoy’s experiments the carbonate varies from a trace 
to 32 per cent., whilst in those of Shields it varies from 100 per 
cent. to 50 and 20 per cent. without showing any noticeable drift 
in the constant. As a first assumption, we shall assume that B is 
the same in all mixtures of carbonate and bicarbonate of the same 
total sodium concentration. 

Experiments on the value of bane for pure carbonates would 

3 
enable us to test the question. 
As regards a, several assumptions may be made. 
(1) That [Na] x[NaCO,] _ 5. is the same as for solutions of 
[Na,CO,] 
sodium acetate at the same sodium ion concentration (Harkins 
and Bray, loc. cit.). 

(2) That the degree of ionisation, according to the first stage, 
Na,CO,=Na+NaCO,, is the same as that of sodium acetate at 
the same total sodium concentration. 

(3) That it is the same as that of sodium acetate at the same 
molecular concentration. 

(4) That it is the same as that of sodium acetate at the same 
sodium ion concentration. 

Of these, (1) and (4) require us to know approximately the total 
sodium ion concentration. This could be obtained roughly on 
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assumption (2) or (3), and then corrected by a series of approxim- 
ations. 

Assumption (1) we think is very doubtful, since k, varies with 
concentration, and we do not know that its variation is dependent 
on the sodium ion concentration when [NaCO,] and [Na] are 
not present in equal quantity. 


In the dissociation NaA=Na+A, the negative and positive 
ions are equal in number, but in the dissociation Na,CO,=Na+ 
NaCO, they are not, since [NaCO,] is reduced and [Na] increased 
by the further reaction NaCO,= Na+ NaCoO,. 

Assumption (3) has been used in the case of sodium bisulphate 
with success by Noyes (Carnegie Inst. Publication, No. 63). We 
may use it as an approximation, and calculate the value under 
assumption (4) therefrom (c=milligram-molecules per litre). 

Under assumption (3) we have the following results, 


2e. Cc. a. (1—a) B. (a--B). (a+8). 
100 50 0-822 0-178 0-464 0-358 1-286 
400 200 0-731 0-269 0-271 0-460 1-002 
1000 500 0-636 0-364 0-144 0-492 0-780 
2c. c. [Na,CO,]. [NaCO,]. [CO,]. [Na]. kx 10%. ky, x 108. 
100 50 8-88 17-9 23-2 64-3 129-7 83-3 


400 200 53-70 92-0 54-3 200-6 343-6 118-3 
1000 500 181-80 246-1 72-0 390-1 528-1 114-1 


If we use these figures for the sodium concentration to obtain 
the degree of dissociation, a’ on assumption (4), and recalculate 
the sodium concentration therefrom, we shall obtain the following 
values : 


2c. c. a’. (1—a’). B. (a’—B). (a’+8). 
100 50 0-80 0-20 0-464 0-336 1-264 
400 200 0-69 0-31 0-271 0-419 0-961 
1000 500 0-58 0-42 0-144 0-436 0-724 
2e, c. [Na,CO,]. [NaCO,]. [CO,]. [Na]. kax10% ky x 10°. 
100 50 10-0 16-8 23-2 63-2 106-0 87-0 
400 200 62-0 83-8 54-3 192-2 259-0 124-0 
1000 500 210-0 218-0 72-0 362-0 376-0 119-0 
\g 7 
k, is the value of the factor [Na] x[NaCO,] and 
{Na,CO,] 
I, = [Nal] x|CO,] 
[| NaCO,} 


It is to be observed that /, (which is concerned only with ions) 
is not greatly affected by the assumption as regards a, and is more 
nearly constant than k,, which involves the concentration of the 
non-ionised salt. 

The value of kg increases with the concentration, but on either 


mee ee 


on 
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assumption is less than that for sodium bicarbonate (or acetate) 
at the same molecular concentration or sodium ion concentration. 


The Value of oe —This we calculated to be 19°2 «10-5 at con. 


centrations of about 10 x 10-° and under. 

In order to check this, we made some determinations of the 
value by Shields’s method, namely, the velocity of hydrolysis of 
ethyl acetate. 


For c=100x 10-3 we obtained kyg=12°69 x 10-5 
11°72 
12°15 
mean, 12°18 x 10-5. 


This result is rather higher than that calculated from Shields’s 
experiments, namely, 11°6 x 10-5. 

For c=12°5x 10-3 we obtained ky =21°5 x 10-5 

22°2 

21°8 
A second series gave: 

' 16°8 x 10-5 
16°8 x 10-5 


For some reason, two experiments gave decidedly lower results 
than the others, but we could see no reason for rejecting them. 

The mean of all the experiments is 19°8 x 10-5. 

The average would give ks=4°15 x 10-4. 

The Effect of Sodium Chloride.—For the purposes of another 
investigation, it was desired to know what effect would be pro- 
duced on the equilibrium of carbonates and carbonic acid by a 
salt with a common sodium ion, such as sodium chloride. It was 
expected that if in a decinormal solution of sodium carbonate the 
sodium concentration was raised to normal strength by sodium 
chloride, the value of &, would be diminished until it had about 
the same value as in a normal solution of pure carbonate and 
bicarbonate. It was found that hk. was indeed reduced, but the 
value was about 23 per cent. higher than that in the absence of 
sodium chloride. 


Concentration Concentration 
of carbonate of sodium 
(equivalents). chloride. Total Na. ke. 
100-0 « 10-3 0-0 100-0 x 10-% 5300 
100-0 900-0 1000-0 3836 
1000-0 0-0 1000-0 3120 
12-5 0-0 12-5 7124 
12. 87- 100-0 6258 


7-5 
0-0 100-0 5300 


e) 
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Hence, starting with a pure W/10-solution of carbonate, for 
which &,=5300, the value of &, decreases to 3120 when the sodium 
concentration is increased to V by carbonates of sodium, but only 
to 3836 when the sodium concentration is due to the chloride. 
That is to say, the value of &, will depend, not only on the sodium 
concentration, but on the ratio of the chloride to the carbonate. 


Let this ratio be called rv, then with r=9 the value of _ = 1-23, 
c 
For the dilute solutions of carbonate we have for r=7 za 1:18 
c 

It thus appears that the effect of sodium chloride on &, is of 
the same order for dilute or concentrated solutions, and depends 
upon 7, the ratio of chloride to base as carbonates. 

The effect of the salt must be due to the alteration of the 
ionisation of the carbonate and bicarbonate, since, as before, 


yuh ke Be 


ae ee a 

It is to be expected that the ionisation of sodium bicarbonate 
will not be greatly affected by the presence of sodium chloride, 
but will have much the same value when the total sodium con- 
centration is the same, whatever be the value of r. If this is the 
case, the effect must be due to the alteration of the ionisation of 
the carbonate. Putting a’=a, we have = = 5 . 

c ‘ 

In order to express the effect of salt, we shall assume that B/ 
has a similar form to 8, that is, can be expressed by the formula 
B'=a'—b' loge, where c is the total sodium concentration in 
milligram-molecules. Then Kev — 0 loge 

2 k. a—bloge 

We have already found k,=8739 —1671 log c. 

For k’, we have at c=100 k’,=5397. At c=1000 we obtained 
3836. This requires correction for the diminished solubility of 
carbonic acid, which makes it 4581. We then find k’,=7029— 
816 log ce. 


Kk’. _ 7029 - 816 loge 


k, 8739 — léllloge 


When c=100 we have no salt present, and k’,=k,. 
If salt be added, it is evident that c=100 (r+1), therefore 
log e=log (r+1)+2, whence 
He _ 5397-816 log (r+ 1) _ 1 -0°1512 log (r +1) 
ke 5397 — 1671 log (r+1) ~ 1-0-3096 log (r +1)” 
H* 


er 
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Hence generally we have for 8 (assuming that the effect of 
salt is the same at other dilutions) 
1 -0°1512 log (r +1) 
1 — 0°3096 log (r +1) © 
When no salt is present, -=0; this reduces to 
B=(1°104 —0°320 log c). 
The effect of the salt was deduced from the experiments on 


N/10-sodium carbonate, but it must apply approximately to more 
dilute solutions. For instance, with V /80-solutions, r=7, r+1=8, 


B = (1-104 - 0320 log c) 


we should get f =1°22, against 1°18 found. 
e 


ExPERIMENTAL. 


The object was to determine the ratio of carbonate and 
bicarbonate in a very dilute solution in equilibrium with air 
containing a known amount of carbonic acid. Preliminary trials 
showed that a NV /80-solution of sodium carbonate reached equil- 
ibrium with pure air when about 80 per cent. of the base existed 
as bicarbonate and 20 per cent. as carbonate. Ordinary air there- 
fore contained a suitable percentage of carbonic acid. The actual 
amount of carbonic acid in the air used (drawn from outside the 
laboratory and washed) was determined by drawing the air in 
series through V/10- and WV /80-solutions of carbonate. 

In order to be sure that equilibrium was reached, the check 
solutions of V/10-strength were placed in some cases both before 
and after the dilute solution. The temperature was kept at 25° 
by a Hearson’s regulator, and the solutions were agitated by being 
shaken in flasks (steamed Jena glass) on a small truck running 
on rails, at the same time that air from outside the laboratory 
was drawn through them. Special arrangements were made to 
prevent the liquids passing from one flask to the other. The 
amount of carbonic acid in the air was calculated from the analysis 
of the decinormal solutions by McCoy’s formula, 

2c ax’ 
[M208] = 5300 1-2" 
where ¢ is the concentration of the base in equivalents, 100x the 
percentage of bicarbonate in the liquid, and [H,CO,] the concen- 
tration of the carbonic acid. 

For the analysis of the liquid, the method of double titration 
with phenolphthalein and methyl-orange was adopted, with certain 
precautions. 

Kiister, Lunge and Lohdéffer, and others, have thrown grave 
doubts on the accuracy of this method, alleging that it gives 


oda ~ 


of 


SEE 


STUDIES OF THE CARBONATES. PART II. 147 


results for the carbonate which may be 3 or 4 per cent. too high. 
Kiister attributes this to the supposed considerable alkalinity of 
bicarbonates to phenolphthalein. McCoy has already shown that 
the alkalinity of bicarbonates is very small, and Seyler (Analyst, 
1897, 22, 314) showed that if loss of carbonic acid is avoided, the 
results are correct to within less than 1 per cent., although usually 
on the high side. This question is the subject of an investigation 
by Seyler and Tripp, shortly to be published. It was found that 
the point of neutrality to this indicator is very close to that 
required for the bicarbonate. It may be slightly on one side or 
the other. The end-point depends on the conditions of visibility 
of the colour, the amount of indicator used, and not only the total 
sodium concentration, but the ratio of sodium chloride to 
bicarbonate at the end of the titration. To avoid errors from 
this source, the following precautions were adopted. 

Loss of carbonic acid was avoided by titrating in a tall Nessler 
glass, adding the acid slowly from a burette with a long delivery 
tube reaching to the bottom of the vessel, and stirring continually 
with a circular stirrer, which was never lifted above the surface. 
Under these conditions, it was proved that no appreciable loss of 
carbonic acid occurred even in fairly concentrated solutions. 

The amount of indicator was carefully measured, and the colour 
at the end-point compared with a check experiment. Other 
influences were allowed for as follows. 

A check experiment was conducted with each determination, in 
which the conditions were the same as regards concentration of 
bicarbonate and sodium chloride. 

A standard solution (usually V/10 or V/20) of sodium carbonate 
in boiled neutra] distilled water was prepared and kept out of 
contact with carbonic acid. 

The standard hydrochloric acid was made with boiled water 
and acid and protected. An equivalent solution of reutral 
sodium chloride was prepared and protected. 

A preliminary titration was made with phenolphthalein and 
methyl-orange on the liquid to be analysed. 

Let « be the number of c.c. of acid required with phenol- 
phthalein. 

Let m be the number of c.c. of acid required with methy]l- 
orange. A comparison tube with the same amount of irdicator 
and an equal volume of water saturated with carbonic acid was 
used to judge the end-point. 

The standard employed was 2(m—~) c.c. of carbonate diluted 
to a given volume, and very carefully titrated with phenol- 


phthalein. This was used as a comparison cylinder in the titra- 
H* 2 
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tion of the liquid to be analysed. The final condition in the 
standard is: 


Sodium bicarbonate, m—~z c.c. 
Sodium chloride, (m— x) c.c. (produced in the titration). 


The point of theoretical neutrality is m—z. If the titration 
differs from this by, say, y c.c., then y is the correction to be 
applied to the titration. 

To the liquid to be analysed is added m—2z c.c. of the salt solu- 
tion. At the end of the titration, the conditions will therefore 
be: 

m— 22x c.c. bicarbonate pre-existing. 

zw c.c. formed from carbonate in titration. Final bi- 
carbonate, m—z. 
Sodium chloride, m—2z added 
« formed by titration. 
Total at end of titration, m—z. 

In both standard and assay there are thus the same amounts 

of bicarbonate and chloride diluted to the same volume. 


When the experimental liquid contained sodium chloride, this 
was added to the standard to make the final amount the same. 


Example : 
Preliminary titration, 10 c.c. required m=20°21 c.c. NV /20-acid. 
z= 5°94 
Standard, 2(m—z) = 28°54 
True bicarbonate, m—x = 14:27 


Required to phenolphthalein 14:11 


y= 016 
This has to be added to the titration to get the true result. 
Final titration, m=20°21 
z= 5°83 
m—2x2=84=salt added. 
Corrected figure for z, 5°83+0°16=5°99. 


10 ¢.c. contain 20°21 NV /20 total base 
Carbonate, 2x5°99= 11°98 


Bicarbonate = 8°23 


Carbonate, 40°7 per cent. 
Bicarbonate, 59°3 per cent. 


{ 
; 


STUDIES OF THE CARBONATES. 


Example 2: 


PART II. 


Preliminary titration, 50 c.c. required m=12°58 c.c. N/20-acid. 


Standard 
Required to indicator 


Correction 


Final titration, m=12°58 
a= 114 


1°23 


22°7 c.c.=2(m —z) 


0°21 to be added. 


True value of «=1°14+0°21=1°35. 


Total base on 50 ¢.c.=12°58 V/20 


Carbonate, 2x135 = 


Bicarbonate 


Carbonate, 21°5 per cent. 
Bicarbonate, 78°5 per cent. 


2°70 


9°88 


Results of Experiments 


Temp. 25°. Bicarbonate Carbonate 
c. 1002. 109 (1—2). 
101- 025 « 10-8 42-18 57-82 
2-55 80-51 19-49 
12-627 80-63 19-37 
100-8 40-47 59-53 
100-5 40-60 59-40 
12-58 78-53 21-47 
101-05 40-72 59-28 
100-50 40-89 59-11 
12-45 79-60 20-40 
We have, then, for e=12°5 x 10-3: 
ke. 
7134 
7228 
6892 
7233 


mean 7124 


We put on record some experiments with V/150- and W/200- 
solutions, although here the titration with phenolphthalein is so 
small that the correction becomes comparable in magnitude with it. 


[H,CO,]. 
0-01173 x 
0-01173 
0-01173 


0-01046 
0-01052 
0-01049 


0-01066 
0-01072 
0:01069 


10-8 


| 
5300 
7130 
7228 


5300 
5300 
6892 


5300 
5300 
7233 
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However, they were very carefully made by the same method: 


1002. 100 (1—2). [H,CO,]. ke. 
87-84 12-16 0-01102 x 10-* 7830 
87-48 12-50 0-01100 7270 
89-80 10-20 0-01173 6468 
90-22 9-78 0-01173 6920 
90-24 9-76 0-01100 6680 
88-65 11-35 0-01100 6697 

The average of these is 7123, identical with that for V /80-solu- 
tions. 

Even at 1/200, the concentration of the hydroxyl ion is too 
small to affect the results materially. 

-O% OR 
[OH]=1-95 x 10-4 [COs] _ 198x025 19-4 _ 9.0097 x 10-8, 
| H,CO, | 5 

This is still not large compared with 0°50 x 10-% equivalents of 

base as carbonate or 4°5 x 10-% equivalents of bicarbonate. 


— 7 — 
a 
c 
' 
Cr) 


Sows 


Effect of Sodium Chloride. 


Concentra- Con- 
tion centra- 

of base tion of Total 

as car- sodium sodium con- 

bonates. chloride. centration. 100x. 100(1—2.) [H,CO,]. } 
100-00 « 107% ao 100-0 40-83 59-17 0-01035 _ 
100-00 -— 100-0 40-61 59-39 0-01220 — 
100-00 900-0 1000-0 36-40 63-60 0-01035 3869 
100-00 900-0 1000-0 36-10 63-90 0-01022 3836 


12-58 2-5! 78-53 . 0-01490 6892 
12-04 ° 99- 77-24 2-76 0-01035 6100 
12-00 , 99. 77-83 2- 0-01022 6417 


Hydrolysis of Sodium Carbonate by Hydrolysis of Ethyl Acetate. 


Shields’s method was followed. The symbols have the follow- 
ing meaning: 

¢=original concentration of the ethyl acetate in the mixture. 

¢,=original concentration of the sodium carbonate in the 
mixture. 

z=number of gram-molecules of carbonate changed to bi- 
carbonate. 

t=time in minutes. 

k=velocity-constant of hydrolysis of ethyl acetate. 


About 200 c.c. of the sodium carbonate solution (made with 
boiled distilled water) were mixed with 200 c.c. of a solution of 
neutral ethyl acetate of known strength. The initial time was 
taken as halfway between the beginning and end of the mixing 
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of the solutions, and the final time the beginning of the titration ; 
90 to 50 c.c. were withdrawn from time to time and titrated with 
V/20- or N/40-hydrochloric acid. The titration was made with 
the usual precautions to a very faint pink with phenolphthalein. 
The temperature was about 25°, the solutions being maintained at 
that temperature before mixing. 

The value of & was obtained by the formula 

(3°132 + k)(4472 —T) =192°07, 

which was found to represent the values given by Shields in the 
neighbourhood of 25°. Thus at 25° we have k=6°608 (Gold- 
schmidt, Ber., 1899, 32, 3396, gives 6°94 at 25°). 

The value of kg is found from the formula 

Ce c c 


c 
t. kkg = —2 log, —*— - log, ‘ 
c-C, Co-2, C-Cy c—2) 


We give the full experimental data in three typical cases. 


N/10-Sodium Carbonate. 


Conditions similar to those of Shields. 
Temperature, 25°1°. 


t. Ca— 2X 2. c—2. kka. 
0 4-935 « 107-2 — 49-871 « 10-2 a= 
10 3-160 1-775 48-096 8-736 x 10-4 
15 2-875 2-060 47-811 8-340 
20 2-635 2-300 47-571 8-250 
30 2-285 2-650 47-221 7-990 
40 2-000 2-935 46-936 7-970 


Average kky=8-45 x 10~¢. 


The following results were obtained : 


Temperature. Cae Cc. kky. k. ka. 
25-1° 4-935 10-2 49-871x 107-2 8451074 6-658 12-69 x 107-5 
25-1 4-975 37-765 8-09 6-658 12-15 
25-1 4-950 23-400 7-81 6-658 11-73 
25-0 4-925 23-750 8-37 6-608 12-67 


N/80-Sodium Carbonate. 


In these experiments, a correction was applied to the results to 
allow for the effect of the sodium acetate formed on titration. 
This was made by partly neutralising a similar solution to that 
being titrated by acetic acid, and comparing the hydrochloric acid 
required to complete the titration with the carbonate actually 
present. Thus, in the absence of acetate, the carbonate was 
correctly estimated at 12°95 x 10-3. 

When the acetate was 8°38 x 10-3 and the carbonate 4°57 x 10-8, 
4°67 c.c. of acid were required, an excess of 0°1 c.c. 
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When the acetate was 11°52 and the carbonate 1°43, 1°57 ec, 
of hydrochloric acid were required, an excess of 0°14 cc. By 
graphic means, the value of this correction was found for each 
titration, and the corresponding deduction made. 

Temperature, 25°: 200 c.c. of N/40-carbonate mixed with 200 
c.c. of ethyl acetate solution (¢=493°6 x 10~). 

50 c.c. withdrawn and titrated with V /40-acid. 

t. Cg—2. 2. c—2. 
a 6-3600 x 246-80 « 10-8 
10-00 1-6860 6 242-13 
14-75 1-2820 5-07 241-73 
20-00 0-8780 5-482 241-32 
30-00 0-4739 240-92 
Mean kk, — 14-72 « 10-4. 


Experiments conducted in this way gave: 


Temperature. Cy c. kka. k. 
25-00° 6-360 «10-3 246-80 107% 14-72«10-* 6-608 
24-95 6-183 253-20 14-52 6-633 
25-10 5-820 182-65 14-24 6-658 
Two experiments gave lower results, but we could see no reason 
for excluding them. 
24-95° 6-010 194-40 11-18 6-633 16-8 
24.95 6-075 191-95 10-80 6-633 16-3 
It is possible that these lower results are due to the highly 
dilute solutions having accidentally absorbed some carbonic acid. 
If B is the concentration of the bicarbonate originally present in 
the solution, then the formula becomes 


B+e, c 
° OMe gre: 


Co -—2X c-C, c-2 


k. ka.t = Bre, log, 
c~—C, 3 


( 

N/200- 

temperature. Ce. c. kk. k. ky. 

25° 2-5 10-8 90-8 x 10-8 15-2 x 10-4 6-608 23-0 x 10-5 
Conelusions.—(1) The apparent variations of the second ionisa- 
tion constant of carbonic acid in the equilibrium equation 
[H] x [CO,]=%,[HCO,] are due to the ionisation of the sodium 

bicarbonate (a) and that of sodium carbonate (B). 
The variation of the hydrolysis constant of sodium carbonate, 


9 
a to a" 
3 3% 


experiments, is due to the same cause. 
(2) By experiments at high dilutions, the value of k, at 25° 


has been estimated at 4:27 x 10-", and kw _ 19-9 x 10-5, Key _ 7124. 


Iayen ee B in Shields’s experiments, and of b= Fin McCoy’s 


3 “3 
(3) The value of a, the ionisation of sodium bicarbonate, either 
alone or in presence of sodium chloride or carbonate, may be taken 
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as equal to that of sodium acetate at the same molecular con- 


centration. 

(4) The value of B, the ionisation of sodium carbonate (in 
respect to the CO, ion), between equivalent concentrations 
1000 x 10-8 and 100 x 10-5 (and probably at higher dilutions) may 
be approximately represented by the empirical formula B=1°104 — 
0320 loge, where ¢ is the sodium concentration in milligram- 
equivalents per litre. 

(5) In the presence of sodium chloride, the apparent value of 
B is greater than for pure bicarbonate and carbonate solutions at 
the same sodium concentration. 

If r is the ratio of sodium as chloride to sodium as bicarbonate 
and carbonate, then 
: 320 log c) . 1 — 01513 tog (7 + 1) 

B=(1'104 - 0°320 log c) . 1 — 03096 log (r +1) 

These values are considerably less than those estimated on the 
usual assumptions from conductivity of the analogous salt, sodium 
sulphate, but they represent the “active mass” of the sodium 
carbonate molecule at the given concentration, and probably the 
concentration of the CO, ion. 

(6) It is confirmed that the ionisation of sodium carbonate 
takes place in two stages, namely, Na,CO,=Na+NaCO, and 


NaCO, =Na + CO, 
_ [Na] x[CO,] 


The value of the second ionisation ‘“ constant,” /,= 
; ‘ »” ~ TNaC0,] 


calculated, and shown to be smaller and more constant than is the 
first. 
ADDENDUM. 


Frary and Nietz (J. Amer. Chem. Soc., 1915, 37, 2271) have 
recently published a series of experiments on the hydrogen con- 
centration of solutions of pure sodium carbonate. By similar 
experiments on sodium hydroxide (the hydrogen concentration 
being measured by the electrometric method), they arrived at a 
very improbable figure for k,, namely, 1°76 x 10-™ at 25°. 

Johnston (ibid., 1916, 38, 954) considers that this result is 
explained by the neglect of contact potentials, and that the most 
accurate figure obtainable is 0°8 x 10-14 (Lewis and Randall, ibid., 
1914, 36, 1979). This agrees with the value we have adopted. 
Frary and Nietz’s value seems impossible, since it would lead to 
ky 


a figure for i =28 x 10-5 with the ordinarily accepted value for 


8 
ks, but nearer 40 x 10-5 with our value for ks. 

No investigator has found values approaching these figures. 
Frary and Nietz themselves, even at extreme dilutions (¥/100), 
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find only 19°7 x 10-5, in agreement with our observations on the 
rate of hydrolysis of ethyl acetate. Nevertheless, in considering 
their further results, one is justified in using their value of k, 
with their own experiments. 

Their experimental constant represents what we call 


— Cyaon X Cranco, 
, Cwa,00; 


Using the ionisation constants a’ for sodium hydroxide, a for 
sodium bicarbonate, and 8 for sodium carbonate (with respect to 


the CO, ion), we have ~ = ka 3B 7 
3 
Taking the limiting value for this at high dilutions to be 


, 


a. 


19°7 x 10-5, we can calculate B by the formula B = a a 

w/ 3 
[It is not necessary that a, a’, and B should be the value unity 

at infinite dilution, but only that B=aa’. At high dilutions, a’=a 


nearly, so that B=a® is the condition that ky = i | 
3 


Frary and Nietz give the following data, from which we calcu- 
late 8. We follow them in using for a and a’ the values for the 
estimated sodium ion concentration, but the results would not be 
appreciably altered by taking the values for the total sodium 
concentration. 


B 
(S. and L.) 
Concentration of (S. and L.) at same 
sodium carbonate. at same Na ion 
Equivalents Na con- concentra- 
per litre x 10° ’ ka X 10°. B. centration. tion. 
463 3-50 0-060 
3-62 0-060 
3-90 6-073 
4-45 0-095 
4:30 0-116 
700 0-214 
9-10 0-311 
11:10 = 0-411 
14-80 0-590 
17-60 0-729 
19-70 [0-857] 


It is worthy of note that the values used by Frary and Nietz 
for the total sodium ion concentration agree very well with those 
which we find. We have shown that [Na]=c(a+ 8), where ¢ is 
the concentration of the sodium carbonate in milligram-molecules 
per litre. 

The degree of dissociation of the carbonate as regards sodium 
ions (that is, the fraction of the total sodium existing as ions) is 


the 
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[Na] _a+P _ B’. We compare oP with B’, calculated 


therefore — = 


by Frary and Nietz from the conductivity (a is here assumed to 
be the same as for sodium acetate at the same molecular con- 


centration) : 


2c. a. B. 2 B’. 
1000 0-636 0-14 0-39 0-3 
400 0-731 0-271 0-50 0-47 
200 0-782 0-368 0-57 0-54 
100 0-822 0-463 0-64 0-60 


This agreement must mean that the mobility of the NaCO, ion 
is not far removed from that of the CO, ion, but, judging from 
the lower dilutions, is probably somewhat smaller. 

The conductivity, therefore, is a fair measure of the sodium ion 
concentration, assuming that at infinite dilution the ions are Na 
and CO . 

The results of Frary and Nietz for B are of the same order as 
those obtained by us at the same total sodium concentration, 
although a little lower, and therefore do not vary in the direction 
required by comparison at the same sodium ion concentration. 

Auerbach and Pick’s Results (Arb. Kats. Gesundheitsamt, 1911, 
38, 243)—These authors have investigated the hydroxyl concen- 
tration of carbonates and bicarbonates and mixtures by colori- 
metric methods, and arrived at values for k, agreeing with previous 
investigators, namely, about 6x 10-"™. They realised the import- 
ance of the degree of ionisation, but were hampered by the diffi- 
culty of forming an estimate of this factor. They also investi- 
gated the theory of the subject, but, as we think, neglected to 
introduce the degree of ionisation at the right stage. They con- 
cluded that the hydroxyl concentration of a pure bicarbonate is 
independent of the concentration, a result which is opposed to our 


experience. 
For mixtures of carbonate and bicarbonate they obtained for 


[1] x Crrngco, = 73107", 
Cyanco; 
k= [H] x Cxa,co; x B 
Cratco; a 
Inserting our values B=0°464, a=0°783, we get k,=4°32 x 10-", 
in very good agreement with our estimate. 
For V/5-solutions they obtained [H] x Crayon, = 81x 10-4, 
NafiCO; 
Putting B=0-38 a=0°71, we obtain ky=4°33 x 10-1. 
These are the most favourable results for accuracy. Pure 
bicarbonate solutions are difficult to prepare and keep, since slight 


NV /10-solutions 


For these mixtures 
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alterations of the free carbonic acid make large differences in the 
hydroxyl concentration. 

The authors themselves lay little stress on their colorimetric 
measurements for pure carbonates. For bicarbonates, however, 
they find a value 6°5 x 10-" in W/5- as well as in V/10-solutions, 
and state that the hydroxyl concentration is independent of con- 
centration. 


Hydroxyl Concentration of Mixtures of Carbonates and 
Bicarbonates. 


Auerbach and Pick, on the assumption that the salts are fully 


ionised, deduce the formula k,-[HY? +[H}“ 
R a 


9 
+ 2b where a is the 
ak, 


amount of sodium bicarbonate and 6 that of the carbonate (in 
milligram-molecules per litre) originally present, without regard- 
ing the hydrolysis. 

For pure bicarbonates, =0, we get k,k,=H’*, so that the 
hydroxyl concentration appears to be independent of the concen- 
tration. This would still be the case if we introduced the values 
a and £6 into the above formula. However, this appears to be 
erroneous. 

The values of a and 8 must be introduced from the beginning. 

If a and } represent the amounts of bicarbonate and carbonate 
regarded as fully dissociated, then the hydrolysis is represented 
by 2NaHCO,=Na,CO,+H,CO,, and the bicarbonate really 
present is C yanco,=a—2{H.CO,]|, and the carbonate 

Cya.co; = 4 + [H,COs]. 
If the concentration is altered, we shall have 


[HCO,] = aC xanco. = a(a —_ 2(H.CO,}), 
so that [H,CO,]= = Carico, as before, though the actual value 


of [H,CO,] will be different. 
Also [CO;]=8Cya,co, = 8(0 + [H,CO,]). 
Putting these values for | 1CO,] and [CO,] into the equations 


— [H] x[C0,] 


*  [HCO,] 


- . . . ‘ . ¥ y C 
and eliminating [ H,CO,] we get 


k 


[H] x [HCO,] 
[H,Cv,] 


ky = (H)*.8 + (up ie 


_ k, -: 


For }=0, that is, for pure bicarbonate, this reduces to 
kok, = HB. 


tric 


Ver, 
ons 


’ 
ron- 
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Hence the hydroxyl concentration, [OH }?= ad B, is not in- 


dependent of concentration, but varies as the i root of B. 
This formula ceases to hold good for very dilute solutions. 
The full expression may be deduced from the following 
equations : 
(1) a+ 6 =[HCO,] + [CO,] + (1 —a)(a — 2[1,COg]) + 
(1 —8)(6 +[H,CO5]) + [HCO], 
whence aa + bB=[HCOg,] + [CO,] + [H,CO,](2a— 8). 


2) [H]-{HCO,]=k.[H,CO,] and (3) [H]-[CO,]=k[HCO,]. 


Hence |HCO,] = = Eli 
(ana 


“ny 

(4) 2{CO,]+[HCO,] +[NaCO,] + &.% =[Na]+[H]. 

Combining (4) and (5), we have 

(6) 2[CO,]+[HCO,]+ [OH] =aa + 268 + 2[H,CO,](8 — a) + [H]. 

Substituting the values of [HCO,], [H,CO,], and [CO,] from 
equations (2), (3), and (4) in (6), and simplifying, we have, finally, 

(7) kak = 
(2a - A) H+ [HP Ba(a +20) + ha] + [H}[ gb — (2a ~ B)kw] ~ [Fgh 

(Hjaa-(H]? + ky 

For infinite dilution a=8=1, this reduces to Auerbach and 
Pick’s equation. It holds rigorously for all dilutions. 

When a and 6 are not so small as to be comparable with fh, 
and ky, we may neglect &, in the expression Ba(a+2b)+k, and 
(2a—B)k» in kbB—(2a—B)ky,, and k, in [H]jaa—[H}?+h,, and 
the factor [H kak. 

Also we may neglect [H] and its coefficients, and [H|? in com- 
parison with [H]aa. 

The formula then reduces to that previously obtained : 


2. (a+ 2b) bp 
k, = [H] .y .B + [H) = 


When [H] is very small (as in mixtures containing a moderate 


amount of carbonate) this becomes ks=[H] - : £z 


a a 
When 4=0 (as in pure bicarbonate) it becomes k,4,=[H]*A. 
By combining (6) with (2) and (3), we get 
OE aT og P= eof A] 
Dhak, + ky H] - (8 - a) [HF 


H,CO, = 
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At infinite dilution this becomes 
(a+ 2b+[H})| HP - kw{ H] 


2k,k, + k,[ H] , 

aa+2bB is not the total sodium ion concentration, but that 
corresponding with the [HCO,] and [CO,]. 

If we take the first-stage ionisation of the sodium carbonate to 
be the same as that of the bicarbonate at the common sodium ion 
concentration, then we have [NaCO,]=( +[H.,CO,])(a— 8), whence 


from equation (5) 

[Na]=aa+2bB + (a—B)(b —[H.CO,)}). 
The sodium ion concentration is therefore greater than aa+2bp 
(compare Johnston, loc. cit.). 


Since the above was written, Kendall (7. Amer. Chem. Soc., 
1916, 38, 1480) has determined k, (the first ionisation constant 
of carbonic acid) at different temperatures, and finds at 0° 
2°24x 10-7, at 18° 3°12x10-7, and at 25° 3°5x10-"%. The value 
3°5 x 10-7 should therefore be used in conjunction with the experi- 
ments carried out at 25°. 


This does not alter the ratio found by us at 25°, namely, 


3 
7120, nor does it alter the calculation of the degree of ionisation 
of sodium carbonate. It does, however, alter the value of k, (the 
second ionisation constant of carbonic acid), and gives a figure 
of 4°91x10-" instead of 4:27x10-". It would also give 
he 
k 


3 
at 0°82 x -™ at 25°. Further careful experiments are required to 


*“ =16°7 x 10-5 instead of 19°2x 10-5 if the value of &, is taken 


determine the variation of a with temperature, which would 
3 
enable us to ascertain how k, varies with this factor. 


TECHNICAL INSTITUTE, 
SWANSEA. [ Received, October 17th, 1916.] 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 
Thursday, March Ist, 1917, at 8 p.m., Dr. ALEXANDER Scorr, 
M.A., F.R.S., President, in the Chair. 


The PresrpEnt referred to the loss sustained by the Society, 
through death, of the following Fellows: 


Killed 
Elected. in Action. 
Balin. GID. asec cesresernieceicincscsenons May 4th, 1905 July ist, 1916 
Cyril Douglas McCourt. .................s00000 Feb. 17th, 1904 Oct 8th, 1916 
Elected. Died. 
ais TR IE i ctsacuctiiiccauciasccembcuaied Dec. 2nd, 1880 Feb. 18th, 1916. 
Reginald Le Neve Foster ..............:ss0++ April 4th, 1872 Feb. 11th, 1916. 
Charles Henry Wo0d .............ccseeeeseeeees Jan. 19th, 1860 Feb. 13th, 1916. 


Messrs. 8. C. Atkinson, C. E. Corfield, J. Dines, J. C. Johnson, 
H. King, J. Krizewsky, D. J. Matthews, and A. W. Richardson 
were formally admitted Fellows of the Chemica! Society. 


The names of the Fellows recommended by the Council for 
election as Officers and as Ordinary Members of Council for 1917 
to 1918 were read from the Chair. 


Certificates were read for the first time in favour of Messrs. : 


John Anderson, M.A., B.Sc., 5, Lintrathen Gardens, Dundee. 

Leon Daniel Goldsmith, B.Sc., A.R.C.S., 31, Colvestone Crescent, West 
Hackney, N.E. . ‘ 

Harold Pearson Hird, 3, Rock Terrace, Hipperholme, Halifax. 

George Samuel Mason, B.Sc., 28, Osborne Road, Birkby, Huddersfield. 

John Calvert Oxley, Oakwell House, Heckmondwike. 
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Sydney Albert Pearman, B.Sc., 12, Stanley Gardens, Hampstead, N.W. 

Alfred George Pollard, B.Se., A.R.C.S., 27, Edburton Avenue, Brighton. 

George Reeves, B.Se., A.R.C.S., c/o British Dyes, Ltd., Dalton Works, 
Huddersfield. 

George Robertson, M.A., B.Sc., Mary Cottage, St. Andrews. 

Ernest Harry Rodd, D.Sc., A.C.G.I., 68, Clarence Road, Teddington. 

Oge Roewade, 214, Calhoun Street, Battle Creek, Mich., U.S.A. 

William Smith, B.Sc., Mountsorrell, Loughborough. 

Robert. Stevenson, A.P.O., 8.14, B.E.F., France. 

Arthur Worthington, Lynwood, Great Lever, Bolton. 


The following papers were read: 


“Notes on the effect of heat and oxidation on linseed oil.” By 
J. A. N. FRrenp. 

“ Acyl derivatives of paradiazoiminobenzene.” By G. T. Morcan 
and A. W. H. Upton. 


Thursday, March 15th, 1917, Dr. Avexanper Scort, M.A., 
F.R.S., President, in the ‘Chair. 


The Presipent referred to the death, on March 10th, of Mr. 
Philip John Worsley, who was elected a Fellow on February 4th, 
1858. 


Messrs. 8S. A. Brazier and H. C. Cocks were formally admitted 
Fellows of the Chemical Society. 


Certificates were read for the first time in favour of Messrs.: 


Charles Claude Carpenter, South Metropolitan Gas Co., 709, Old Kent 
Road, S.E. 15. 

Herbert Edwin Course, Water Works, Accra, Gold Coast. 

Percy Cowell, Major, Royal Automobile Club, Pall Mall, S.W. 1. 

Arthur Charles Hoare, 63, Englewood Road, Clapham Common, 8.W. 4. 


A Certificate has been authorised by the Council under Bye- 
law I., par. 3, in favour of : 


Vetscheslav Engenievitsch Tischtschenko, Petrograd, Russia. 


Mr. A. Chaston Chapman delivered a Lecture entitled, “ Some 
main lines of advance in the domain of Modern Analytical 
Chemistry,” and illustrated it by experiments. A vote of thanks 
to Mr. Chapman for his Lecture was moved from the Chair and 
carried with acclamation. 
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XVI.—Cadmium and Zine Nitrites. 
By Prarutta Cuanpra Ray. 


Ix view of the contradictory statements of the previous workers 
in this field, it seemed desirable to undertake a fresh investigation 
of cadmium and zinc nitrites. 

At the outset it may be pointed out that, so far as the nitrite- 
forming capacity of mercury and cadmium is concerned, the ques- 
tion is not one of the basic character of the metal. Mercury,* 
which occupies the lowest position in group II B (in the electro- 
potential series), yields a fairly stable normal nitrite, because 
both its chloride and nitrite are very feebly dissociated in aqueous 
solution (Ray and Dhar, T., 1912, 101, 966). Thomsen found that 
mercuric oxide with its equivalent of aqueous hydrochloric acid 
evolves 18,920 calories, whereas with its equivalent of nitric acid 
it evolves only 6400 calories, and to this difference he ascribes the 
reason that an aqueous solution of mercuric nitrate is completely 
converted into chloride by the addition of an aqueous solution of 
hydrochloric acid. Mercuric chloride in aqueous solution is again 
completely converted into the cyanide by the addition of hydro- 
cyanic acid. Cadmium hydroxide also behaves differently towards 
the ordinary mineral acids. Thus, whilst zinc and magnesium 
hydroxides with hydrochloric, hydrobromic, and hydriodic acids, 
respectively, give almost the same value for the heat of neutralisa- 
tion, namely, about 19,500 calories, with cadmium hydroxide the 
heat of neutralisation goes on increasing. Thomsen regarded the 
behaviour of cadmium oxide towards the above acids as exceptional, 
and on that account he refused to class cadmium hydroxide in the 
magnesium group (“'Thermochemische Untersuchungen,” III, 279 
et seq.; also English translation by Miss Burke, p. 129). The 
anomalous behaviour of cadmium is now easily accounted for. Its 
haloids are more feebly ionised than those of zinc and magnesium 
under similar conditions of dilution. In fact, it may be laid down 
as a safe guiding principle that a metal the haloid of which shows 
comparatively poor conductivity in aqueous solutions may be 
expected to yield a corresponding normal nitrite, because, as a 
tule, its nitrite is also feebly ionised. The case of cadmium has 
been chosen as a crucial one. 

Conductivity measurements of cadmium chloride have been 
carried out by several investigators, but as their results show con- 


° The author has pointed out that mercury occupies a twofold position in 
the Periodic System (see T., 1905, 87, 180; also Chem. News, 1914, 109, 85)§ 
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siderable discrepancy, a fresh measurement has been made. It 
will be seen on reference to table I (p. 161) that at a dilution of 
10 litres, the equivalent conductivity of potassium chloride is 134 
at 29°, that of cadmium chloride is 53, whilst that of cadmium 
nitrite is only 33. Both these circumstances conduce to the 
stability of the nitrite, and it has thus been isolated as a normal 
salt. 

Zine nitrite, which can exist only in dilute solution, under 
similar conditions has a conductivity of 73 (Ray and Dhar, T., 1913, 
103, 13). It is well known that zinc chloride is so readily hydro- 
lysed that, on the addition of water, a turbid liquid is obtained, 
due to the formation of the compound Zn(OH)Cl. Zinc nitrite 
solution is acid, and, on concentration, the nitrous acid set free 
decomposes according to the equation 

3HNO, = HNO, + 2NO + 2H,0, 
and thus zine nitrate is continuously formed. The residue, even 
if the evaporation is conducted in a vacuum, is thus found to be 
a basic nitrate. 


ExPERIMENTAL. 
Cadmium Nitrite. 


Pure, recrystallised cadmium chloride and silver nitrite were 
triturated in a mortar, water being added from time to time until 
the filtrate gave no indication of excess of either of the parent 
substances; it was then evaporated in a vacuum over sulphuric 
acid. Bright, pale yellow crystals were obtained which dissolved 
readily to a clear solution. Preparation III was the product of 
double decomposition between calculated quantities of barium 
nitrite and cadmium sulphate: 


I. 0°3465 gave 0°2474 CdS. Cd=55°53. 
0035 = ,, 4°35 cc. N, (nitritic) at 29° and 760 mm. 
N=13°79. 
II. 0°2740 gave 0°1926 CdS. Cd=54°66. 
01387 ,, 16:4 cc. N, (by combustion) at 26° and 760 
mm. N=13°26. 

IIT. 0°0820 gave 0°0582 CdS. Cd=55-20. 

Cd(NO,), requires Cd=54'90; N=13°73 per cent. 

Apart from the results of the analysis, the fact that the salt 
did not lose its lustre, even in an exhausted desiccator, proves that 
it is anhydrous. Lang (7. pr. Chem., 1862, 86, 299), however, 
assigns to it the formula Cd(NO,),,H,O. Several preparations 
were undertaken, but in only two instances was the evaporated 
mass found to be partly insoluble in water (compare Vogel, 
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Jeitsch. anorg. Chem., 1903, 35, 402). Cadmium nitrite is ionised 
to a far greater extent than mercuric nitrite (Ray and Dhar, T., 
1912, 101, 966), and the tendency towards the formation of a basic 
salt is thus easily explained. 


Conductivity Measurements. 


The chloride was purified by recrystallisation (0°4391 gave 
06284 AgCl; CdCl, =91°43. CdCl,,H,O requires CdCl,=91°50 per 


cent. ). 


TasB.eE I. 
Equivalent Conductivity of CdCl,,H,O at 29°5°. 
OP cccesesssosaee 10 20 40 80 160 320 640 
53-53 63-60 73-76 84-4 94-31 102-1 104-15 


Equivalent Conductivity of Cd(NOQ,). at 299°. 


160 320 640 
78-3 88-3 96-1 


1024 
104-6 


© eccninsensnie 10 20 40 80 
33-7 43-9 55-1 67-1 


Decomposition by Heat. 


The method of heating has been described in detail in the case 
of the alkali nitrites (loc. cit., p. 180). The salt began to decom- 
pose slowly at 150°. The temperature was gradually raised to 
165°, and finally to 230°, when the ‘click’ remained persistent. 

The gas which was collected in the reservoir of the mercury 
pump was found to be pure nitric oxide, it being completely 
absorbed by an alkaline solution of sodium sulphite. The alkaline 
liquid in the glass spiral was washed out, and was found to consist 
of a mixture of nitrite and nitrate in the following proportion : 

Nitritic nitrogen ~3. 
Nitratic nitrogen 

The brown residue was found to be cadmium nitrate mixed with 
cadmium oxide. As nitric oxide was the chief gaseous product, the 
main portion of the salt evidently decomposed according to the 
equation 


3Cd(NO,). = 2Cd0 + Cd(NO,). + 4NO. 
Side by side, a parallel decomposition goes on thus: 
Cd(NO,),=Cd0O + N,O, (NO + NO,). 

Divers has shown that when nitrogen peroxide mixed with an 
excess of nitric oxide is passed into a solution of alkali, pure nitrite 
is thereby produced (T., 1899, 75, 86). In the present instance, 
although there was a large excess of nitric oxide, the conditions 
of reaction were not comparable. The gaseous mixture was not 
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bubbled through a liquid, but was quickly drawn across the glass 
beads moistened with alkali hydroxide. Moreover, Dixon and 
Peterkin have shown that “the peroxide enters into a limited 
combination with nitric oxide”’ (¢bid., p. 629). A small quantity 
of nitrogen peroxide is absorbed as such, giving rise to the forma. 
tion of a nitrate as well. 


Zine Nitrite. 


The salt was prepared by double decomposition between mole- 
cular proportions of zinc sulphate and barium nitrite. The filtrate, 
on evaporation in a vacuum, left a white, swollen mass, which was 
practically insoluble in water. There was a thin membrane coat- 
ing the surface which, on being broken up, evolved nitrous fumes. 
During the concentration of the liquid, nitric oxide was continu- 
ously evolved, a portion of which remained imprisoned inside the 
thin, superficial coating. The residue was boiled with a solution 
of pure sodium hydroxide, and the alkaline liquid was found to be 
free from nitrite and to contain only nitrate. It will thus be seen 
that zine nitrite solution, on evaporation to dryness, leaves a 
residue only of a basic nitrate. 

CHEMICAL LABORATORIES, 


PRESIDENCY COLLEGE AND COLLEGE OF SCIENCE, 
JNIVERSITY OF CALCUTTA, [ Received, February 1st, 1917.] 


XVII.—Notes on the Effect of Heat and Oxidation 
on Linseed Oil. 


By Jonn ALBert NEWTON FRIEND. 


ALTHOUGH a considerable amount of work has been done on certain 
properties of linseed oil and the manner in which they are affected 
by heat and oxidation, a few of the constants have not received 
the attention they deserve. Two years ago, therefore, the author 
decided to investigate the subject, and although the work has had 
to be abandoned temporarily, it was thought desirable to place on 
record the results obtained. 

Two samples of oil were used, namely, best Baltic and best Cal- 
cutta raw linseed oil. They were obtained from a reputable firm, 
and, having been purified by recognised commercial methods, 
further purification was deemed unnecessary. 


HEAT AND OXIDATION ON LINSEED OIL. 


The Effect of Heat on Linseed Oil. 


The molecular weight of linseed oil has occasionally been deter- 
mined by different investigators, the figure obtained being of the 
order of 800. No systematic study of the subject, however, appears 
to have been made. Fahrion (Zeitsch. angew. Chem., 1892, 5, 171) 
noted that after being heated, linseed oil lost much of its power 
of absorbing iodine, and suggested that polymerisation had taken 
place. Fokin found that by heating the oil to 250—300° in an 
inert atmosphere, a substance having a molecular weight approach- 
ing 2000 is obtained. Similar results have been achieved by 
Morrell (./. Soc. Chem. Ind., 1915, 34, 105). 


ExPERIMENTAL. 


Samples of the same batch of pure Baltic oil were obtained, 
through the kindness of Dr. Morrell, which had been “thickened ”’ 
by heat, but without appreciable oxidation, as follows: 


Sample 1.—Raw oil. 
2.—Oil heated for thirty hours at about 200°. 
3.—Oil heated for thirty-six hours at about 300°. 
4.—Oil heated for forty-two hours at about 300°. 


The densities, coefficients of expansion with rise of temperature, 
relative viscosities, and molecular weights were determined. 


TABLE I. 


Coefficient of 
Density Density expansion Relative 
at 0°. at 50°. 0—50°. viscosities. 
0-94444 0-90986 0-00076 100 
0-94289 0-90912 0-00074 73 
0-95804 0-92381 0-00074 459 
0-97267 0-93901 0-00072 3770 


The coefficient of expansion steadily falls, whilst the density and 
viscosity rise with the temperature and length of treatment. 
Sample 2 is interesting in that its density and viscosity are slightly 
lower than those for the raw oil. Possibly this is due to the pre- 
cipitation or “ flocculation ” of certain constituents of the raw oil. 

The molecular weights were determined by the freezing-point 
method in benzene solution.* 


* The author desires to thank Dr. W. E. 8. Turner, of Sheffield University, 
in whose laboratories the determinations were made, for the necessary 
supply of benzene. Its melting point was 5-934°, 
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Tasie IT. 


Grams of oil Grams of oil 
in 100 grams Molecular in 100 grams Molecular 
Oil. of benzene. weight. of benzene. weight. 
1 17-53 624 , 31-74 675 
10-22 673 21-07 778 
9-89 704 18-84 794 
2-69 723 10-33 897 
Calculated at infinite Calculated at infinite 
dilution ... one 740 dilution ... --» 1000 


2 28-45 22-45 995 
16-76 470° 1118 
7-66 “6: 1270 

Calculated at infinite Calculated at in- 
dilution ... uel 760 finite dilution... 1420 


In every case the apparent molecular weight increases with 
dilution. The results show that polymerisation takes place at 
temperatures as low as 200°, and increases in extent with the 
temperature and length of exposure to the same. 


The Oxidation of Linseed Oil. 


When linseed oil is exposed to the air, it increases in weight, 
slowly at first, but rapidly later, due to the absorption of oxygen. 


A maximum point is ultimately reached, after which a gradual 
loss in weight occurs. Many attempts have been made to deter- 
mine the value for this maximum in the case of oils spread in thin 
layers on glass or other non-absorbent plates, and the figures 
obtained have been used as bases of comparison of the relative 
“drying” powers of the oils. In 1913, Ingle (J. Soc. Chem. Ind., 
1913, 32, 639) concluded that the maximum increase in weight is 
exactly double that calculated from the iodine value, thus suggest- 
ing the formation of peroxides during oxygen absorption. This 
afforded strong support to the belief that the iodine number is an 
approximate measure of the drying power of an oil, as suggested 
by Hazura (Zeitsch. angew. Chem., 1888, 1, 312). These experi- 
ments, however, ignore the fact that linseed oil, during practically 
the whole period of its oxidation, also loses appreciable quantities 
of water vapour, carbon dioxide, and organic vapours, so that the 
total weight of oxygen absorbed exceeds the observed increase in 
weight of the oil by the weight of the vapours evolved. The latter 
amount is not negligible; in one experiment, the total weight of 
oxygen absorbed was 2°5 times the observed increase in weight of 
the oil at the maximum point (Friend, Proc. Paint Varnish Soc., 
May 14th, 1914). 

The maximum point, therefore, does not represent the stage at 
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which oxygen ceases to be absorbed, but a point of equilibrium at 
which the oxygen absorbed exactly counterbalances the loss in 
weight due to escaping gases and vapours. Any factor that assists 
or retards the evolution of these vapours will proportionately lower 
or raise the maximum point. This serves to explain very largely 
the varied nature of the results obtained by different investigators, 
which results have ranged from 13 per cent. (Redman, Weith, and 
Brock, /. Znd. Eng. Chem., 1913, 5, 630) to 25°6 per cent. (Ingle, 
loc. cit.), the usual amount being approximately 18 per cent. in 
the case of raw oil spread in thin layers on glass plates to the 
extent of about 0°1 to 0°2 gram of oil per 100 sq. cm. (Lippert, 
Leitsch. angew, Chem., 1898, 11, 412; Weger, ibid., 502). 

Whilst, therefore, the formation of peroxides may take place, an 
accurate proportionality between the increase in weight and the 
iodine value must not be expected, Ingle’s results being largely a 
matter of accident. The foregoing methods of determining the 
drying powers of oils by noting the alteration in weight is thus 
merely of comparative value, and only serviceable when carried out 
under precisely similar conditions for the different oils concerned. 

It is essential to emphasise these points in connexion with the 
succeeding results. 

Although the change in weight has been made the subject of 
repeated research, no records appear to exist of any attempt to 
study the corresponding changes in volume. That some change 
takes place. is evident from the fact that thick layers of oil in- 
variably crinkle on setting. 

The results in table IT[ were obtained as follows: 

Determinations 1—4 were made by passing air through a weighed 
quantity of pure Calcutta oil contained in a flask, noting the 
alteration in weight, and subsequently finding the density at 
different temperatures. 

The fourth determination is slightly less accurate than the- 
previous three, as the oil had thickened and frothed, a small 
quantity rising in the form of bubbles up the flask and setting in 
the neck. The error was certainly small, but appeared impossible 
to avoid. The device employed by Procter and Holmes (J. Soc. 
Chem. Ind., 1905, 24, 1287) could not be adopted, as the oil was 
relatively near its setting point, and any drops rapidly solidified 
when separated from the bulk of the liquid. In a somewhat 
similar experiment, Mulder (‘Die Chemie der austrocknenden 
Oele,” Berlin, 1867, p. 114) found that his oil became solid after 
increasing in weight by 10°5 per cent. This, however, can only 
be an approximate figure, owing to frothing, so no attempt was 
made to confirm it, the remaining data in table III being obtained 
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in another way. The oil was spread on glass plates in thin layers 
containing about 0°1 to 0°2 gram per 100 sq. cm. This thickness 
gives trustworthy results (Lippert, Joc. cit.; Weger, loc. cit.), and 
has the advantage that if through unequal distribution the oil is 
even considerably thinner at any place, no appreciable error js 
entailed (Wise and Duncan, J. Znd. Eng. Chem., 1915, 7, 202). 

The alterations in weight were noted, and the densities deter- 
mined by removing portions of the film with a knife under air- 
free water, to which sodium chloride solution was subsequently 
added until the liquid possessed the same density as the solid. 

The fifth determination was difficult to obtain, as the tacky film 
adhered to the knife. Eventually, however, the film was scraped 
off with crystals of zinc sulphate, and as these dissolved in the 
water, the oil was left without attachment, and sank or floated 
according to circumstances. 

It is unfortunate that the fourth and fifth results should be 
slightly less accurate than the others, since it is impossible to 
decide from them whether any contraction or expansion takes 
place at the time of setting. 


Tasie III. 
Percen- 
Percen- Coeffic- tage 
tage cient of increase 
increase expan- in 
Experi- Condition in Density Density sion volume 
ment. of oil. weight. at0° at 15°. O—15° at 15°. 
1 Raw oil ons eo 0-94208 0-93179 0-00074 — 
2 = Liquid ove .- 2-08 0-95906 0-94850 0-00074 0-28 
3 Do. ose .. 583 0-98736 0-97696 0-00071 0-87 
4 Thick, frothy liquid... 9-66 1-01161 1-00123 0-00069 2-06 
5 Tacky... owe -. 14:14 — 1-0424 —- 2-0 
6 Just set oon .. 17-34 _- 1-0582 _- 3-3 
7 ~~ Solid linoxyn .-» 17-90 — 1-0656 -= 31 
8 Do. at point of maxi- 
mum weight .-» 18-57 — 1-0902 as 1-4 
9 Do. three months old 10-3 — 1-1054 -- —7 


Under the particular conditions of the experiments, therefore, 
the raw oil, on setting at 15°, expanded by 3°3 per cent., and then 
slowly contracted. The maximum increase in weight was 18°57 
per cent., but the increase in volume reached its maximum before 
this, namely, at the setting point. The density of the oil steadily 
increased, whilst the coefficient of expansion fell. 

Sabin (J. Ind. Eng. Chem., 1911, 8, 84) mentions that a film of 
raw oil exposed to the air for eight months yielded linoxyn of 
density 1°098, the total gain in weight of the oil being about 2 per 
cent. No statement is made of the density of the original oil, but 
assuming it to have the value of 0°932, the shrinkage must have 
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been 13°4 per cent. This lends support to determination 9 in 
table III. 

It is important to observe that the expansion is a function of 
the increase in weight. Any factor assisting the decomposition of 
the oil lowers the maximum point and reduces the expansion. 
Sabin (Joc. cit.) and Gardner (J. Ind. Eng. Chem., 1914, 6, 91) 
found that linseed oil, when mixed with even chemically inert 
powders, such as barytes and silica, exhibits a smaller increase in 
weight on setting, the powder apparently catalytically assisting 
the decomposition of the peroxide compounds. It would thus 
appear difficult to calculate the amount of expansion to be ex- 
pected in any particular case. 

Tauber (Chem. Zeit., 1909, 38, 85, 94) suggests that the crack- 
ing of paint surfaces is due to tension caused by electrical action 
of the pigments suspended in the linoxyn. In view of the fore- 
going results, it is evident that the contraction suffered by the 
linoxyn on prolonged exposure to air is quite sufficient explanation 
for the cracking of old paint. 


Tue VicrortA INSTITUTE, 
WORCESTER. [Received, February 15th, 1917. 


XVIII. —Relation between Chemical Constitution and 
Physiological Action in Certain Substituted 
Aminoalkyl Esters. Part II. 


By Frank Lee Pymay. 


Some years ago (T., 1908, 93, 1793) the author described the pre- 
paration and physiological properties of a number of aminoalkyl 
esters, and subsequently with Jowett (Proc. Seventh Internat. Cong. 
Appl. Chem., 1909) discussed the relation between chemical consti- 
tution and physiological action in these and other similar com- 
pounds. A number of substances, which were prepared about that 
time, have not yet been described, and the present paper is written 
with the object of putting their chemical and physiological proper- 
ties on record. The physiological tests were carried out during 
1908-1910 at the Wellcome Physiological Research Laboratories by 
Dr. H. H. Dale, F.R.S., and Mr. C. T. Symons, to whom the author 
desires to tender his best thanks. 

It had previously been shown that replacement of the benzoyl 
by the phenylacetyl group leads in the case of cocaine to a substance 
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devoid of local anesthetic properties (compare S. Friinkel, “Die 
Arzneimittel-Synthese,” 1912, p. 349), but in the case of a-eucaine 
to a substance having local anesthetic properties (Vinci, Vireh, 
Arch., 1898, 154, 549). With the object of testing the effect of g 
similar substitution in the local anzsthetics ethyl »aminobenzoate 
(‘ anesthesine ’) and #-diethylaminoethyl paminobenzoate (‘novo 
caine’), the two substances ethyl »aminophenylacetate and p-di- 
ethylaminoethyl p-aminophenylacetate were prepared. The first 
was tested in the form of a 5 per cent. solution in olive oil, and the 
second in the form of a 5 per cent, aqueous solution of the hydr. 
iodide ; neither showed any local anesthetic property. 

Another line of work was suggested by earlier results. It had 
been found (T., 1908, 93, 1794) that the salts of aminoalky] esters 
of the general formula R*CH,*CH(O*COPh)-CH,-O-COPh 
(R=NMe,, NEt., NC;H,)) were possessed of very considerable local 
anesthetic action, but were distinctly toxic and irritant, and also 
acid in reaction. A substance of a modified type was now pre 
pared, in which one of the benzoyl groups was replaced by a phenyl 
group. First, B-diethylamino-B'-phenoxyisopropyl alcohol was ob- 
tained by the interaction of phenyl glycide ether and diethylamine, 


PhO-CH,-CH—CH, + NHEt, = PhO-CH,*CH(OH):CH,:NEt,, 
Y 


a method which had previously been employed for the preparation 
of B-amino-f’-o-tolyloxyisopropyl alcohol from ammonia and o-tolyl 
glycide ether by Boyd and Knowlton (T., 1909, 95, 1802; compare 
also Boyd, T., 1910, 97, 1791), and from this the benzoyl derivative 
was prepared, but aqueous solutions of its salts were so strongly 
acid that they could not be tested satisfactorily for local anzsthetic 
properties. The hydrochloride of the amino-alcohol itself, however, 
produced a distinct degree of local anesthesia when tested in 5 per 
cent. aqueous solution. Fourneau (J. Pharm. Ghim., [vii], 1910, 1, 
55, 97) has also prepared a number of amino-alcohols of this type, 
and states that they have remarkable antipyretic and analgesic 
properties. 

An aminoalkyl ester of a different type, 8-benzoyloxy-1-methyl- 
1:2:3:4-tetrahydroquinoline, was prepared by benzoylating the 
parent compound ; it gave a hydrochloride so strongly acid that it 
could not be tested physiologically. An attempt was then made 
to prepare the corresponding paminobenzoyl derivative. For this 
purpose 8-p-nitrobenzoylowxy-l-methyl-1 : 2:3 :4-tetrahydroquinoline 
was first made, but suffered hydrolysis so readily that the work was 
discontinued. 

In connexion with this investigation, it appeared to be of interest 
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to test p-aminobenzoyl-p-phenetidine, a substituted amide of 
paminobenzoic acid. This substance is almost insoluble in water, 
and when introduced in powder into the conjunctival sac caused 
no local anzesthesia. 


EXPERIMENTAL. 
Ethyl p-Aminophenylacetate. 


This ester had been prepared previously by Salkowski (Ber., 1895, 
98, 1917) by the action of boiling alcohol on the hydrochloride of 
paminophenylacetic acid ; he gives the melting point as 49°5°. The 
material required for the present investigation was obtained by the 
reduction of ethyl pnitrophenylacetate by means of iron filings and 
dilute acetic acid. When dissolved in hot water and cooled with 
ice, it separated in nearly colourless, glistening, microscopic plates 
which melted at 51° (corr.). (Found: C=67'1; H=72; N=7°9. 
Cale, C=67°0; H=7°3; N=7°8 per cent.) 


B-Diethylaminoethyl p-Nitrophenylacetate, 
NO,°C,H,°CH,°CO,°CH,°CH,"NEt,. 

The p-nitrophenylacetyl chloride required for the preparation of 
this ester was made by the action of phosphorus pentachloride on 
pnitrophenylacetic acid. Its preparation has since been described 
by Wedekind (Annalen, 1911, 378, 288), who gives the melting 
point as 47°. The material used in the present investigation crystal- 
lised from light petroleum in very pale yellow, thin, serrated plates 
which melted at 48° (corr.). (Found, C=47°8; H=3°2. Calc., 
C=48:1; H=3-0.) 

Ten grams of B-diethylaminoethyl alcohol were converted into 
the hydrochloride, dried, powdered, and mixed with 20 grams of 
pnitrophenylacetyl chloride. The mixture was heated for one hour 
in the water-bath, dissolved in water, and extracted with ether to 
remove non-basic matter. The aqueous solution was basified with 
sodium carbonate and extracted with ether, which removed 
13°8 grams of brown oil. This was mixed with absolute alcoholic 
hydrogen chloride, when 10°9 grams of B-diethylaminoethyl p-nitro- 
phenylacetate hydrochloride melting at 108° separated. 

The hydrochloride crystallises from absolute alcohol in prisms 
which melt at 111° (corr.) and are anhydrous. 

Found: C=53°5; H=6°8; Cl=11°3. 

C,,H.,0,N,,HCl (316°7) requires C=53'1; H=6°7; 
Cl=11°2 per cent. 

The hydrobromide crystallises from ethyl acetate in very pale 
yellow, prismatic needles, which melt at 122—124° (corr.) and are 
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anhydrous. It is somewhat sparingly soluble in water, and spar. 
ingly so in alcohol or ethyl acetate. 
Found: C=46'9; H=5°9; Br=22°2. 
C,,H,,O,N,,HBr (361°2) requires C=465; H=5°9; 
Br=22'1 per cent. 


B-Diethylaminoethyl p-A minophenylacetate, 
NH,°C,H,°CH,°CO,°CH,"CH,'NEt,. 


Twenty grams of 8-diethylaminoethyl pnitrophenylacetate hydro. 
chloride, 200 c.c. of water, 5 c.c. of glacial acetic acid, and 20 grams 
of iron filings were mixed and warmed on the water-bath for two 
hours with frequent shaking. After filtering, making alkaline with 
sodium carbonate, and extracting with chloroform, 2°4 grams of a 
brown oil were obtained, which gave 2°2 grams of the crystalline 
hydriodide. The poor yield was due to hydrolysis of the ester. 

The hydriodide crystallises from absolute alcohol in fern-like 
plates which melt at 155—157° (corr.) and are anhydrous. It is 
soluble in water to the extent of about 4 per cent. at 25° and 10 per 
cent. at 35°, giving a neutral solution; it is sparingly soluble in 
alcohol. 

Found: C=44:9; H=6°0; [=33°4. 
C,,H..0,N,,HC1,(378°2) requires C=44°5 ; H=6'1 ; [=33°6 per cent. 


B-Diethylamino-B'-phenozxyisopropyl Alcohol, 
PhO-CH,°CH(OH)-CH,NEt,. 


Fifteen grams of phenyl glycide ether and 8:0 grams of diethyl- 
amine were heated in a sealed tube for five hours at 110°. The 
resulting oil was dissolved in ether, washed with water, and ex- 
tracted with dilute hydrochloric acid. The acid extract was basified 
with sodium hydroxide and extracted with ether. The ether residue 
amounted to 21°5 grams of oil, which distilled completely at 
178—179° under a pressure not accurately recorded, but probably in 
the neighbourhood of 30 mm. The distilled base was converted 
into the hydrochloride, which is very readily soluble in water or 
alcohol, but can be crystallised from ethyl acetate. It melts at 
90—92°. 

Found: C=60'2; H=8&7; Cl=13°8. 
C,3;H.,0O,N,HCI (259°7) requires C =60°1; H=8°5; Cl=13°7 per cent. 


B-Diethylamino-B'-phenoxyisopropyl Benzoate, 
PhO-CH,°CH(O-CO-Ph)-CH,°N Et. 


Ten grams of B-diethylamino-8’-phenoxyisopropyl alcohol regen- 
erated from the pure hydrochloride were benzoylated by the 
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Schotten-Baumann method, yielding about 13 grams of crude base. 
This was converted into the nitrate, which is very sparingly soluble 
in water and was purified by recrystallisation from ethyl acetate. 
The pure salt melted at 100—103°. 

Found: C=61'4; H=6'8. 

C.)H,;0,;N, HNO, (390°3) requires C=61°5; H=6'7 per cent. 

The base regenerated from the pure nitrate did not crystallise, but 
a number of crystalline salts were prepared from it. 

The hydrochloride, which is easily soluble in water, giving an acid 
solution, melts at 107—109°. 

Found: C=66'1; H=7°3; Cl=9°9. 
CyH,;0;N,HCI (363°8) requires C=66°0; H=7°2; Cl=9°7 per cent. 

The hydrobromide melts at 114—115°, after crystallisation from 
benzene, and dissolves in about 70 parts of cold water. 

Found: C=58'4; H=6'5. 

CyH,;0;N,HBr (408°2) requires C=58'8; H=6°4 per cent. 

The hydriodide melts at 112—113° after crystallisation from 
benzene ; it is almost insoluble in water. 

The hydrogen oxalate melts at 112—114° after crystallisation 
from ethyl acetate. 

Found: C=63°3; H=6°6. 

CyH,,0;N,C,H,O, (417°3) requires C=63°3; H=6°5 per cent. 


8-Benzoylory-\-methyl-1 : 2:3 :4-tetrahydroquinoline. 


Ten grams of 8-hydroxy-l-methyl-1 :2:3:4-tetrahydroquinoline 
were benzoylated by the Schotten-Baumann method, and the pro- 
duet was extracted with ethér. It was removed from the ether by 
dilute hydrochloric acid, regenerated by sodium carbonate, and 
again extracted with ether. The ethereal residue, amounting to 
12 grams, was converted into the hydrochloride, which was crystal- 
lised from absolute alcohol, yielding 8°7 grams melting at 188°. The 
base crystallised when liberated from the pure hydrochloride, and 
melted at 58—59° after crystallisation from light petroleum. 

Found: C=76'7; H=6'4. 

C);H),O,N (267°2) requires C=76'4; H=6°4 per cent. 

The hydrochloride prepared from the pure base still melted at 

188°. Its aqueous solution was strongly acid. 


8-p-Nitrobenzoyloxy-1-methyl-1 :2:3:4-tetrahydroquinoline. 


Ten grams of 8-hydroxy-l-methyl-1 : 2:3 :4-tetrahydroquinoline 
were dissolved in 160 c.c. of 10 per cent. aqueous sodium hydroxide 
aud well shaken with 30 grams of pnitrobenzoyl chloride dissolved 
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in chloroform, the mixture being kept cold. A quantity of sodium 
p-nitrobenzoate separated, and was removed by filtration. The 
chloroform layer of the filtrate was dried, distilled to remove the 
solvent, and the residue was crystallised from acetone, when 
3°0 grams of the above compound were isolated in a pure state, 
melting at 127—128°. 

Found: C=65°8; H=5'2. 

C,,H,,0,N, (312°2) requires C=65°4; H=5'2 per cent. 

This compound readily undergoes hydrolysis when boiled with 
alcohol, with the formation of 8-hydroxy-l-methyl-1 :2:3 :4 tetra. 
hydroquinoline, p-nitrobenzoic acid, and ethyl p-nitrobenzoate. 


p-NVitrobenzoyl-p-phenetidine, NO,*C,H,-CO*-NH-C,H,OEt. 


Twenty-five grams of pnitrobenzoyl chloride were melted and 
poured on 18 grams of freshly distilled p-phenetidine. A vigorous 
reaction took place, hydrogen chloride being evolved, and a yellow 
solid melting at 170—185° resulted. After crystallisation from 
dilute alcohol it formed matted, yellow needles which melted at 
186—187°. 


p-A minobenzoyl-p-phenetidine, NH,*C,H,CO-NH-C,H,-OEt. 


This substance was prepared by the reduction of pnitrobenzoyl- 
p-phenetidine with iron and hydrochloric acid in alcoholic solution. 
It crystallises from alcohol in colourless needles which melt at 
157—158°. It is almost insoluble in boiling water, sparingly so in 
cold alcohol, but readily so in hot alcohol. 

Found: C=70'5; H=6°3. 

C,;H,,0.N, (256°2) requires C=70°3; H=6°3 per cent. 

Tae WELicoME CHEMICAL WoRKs, 

DARTFORD, KENT. [Received, February 27th, 1917.] 


XIX.—Borie Anhydride and its Hydrates. 


By James EckersLey Myers. 


Tue researches of Ebelmen and Bouquet (Ann. Chim. Phys., 1846, 
[iii], 17, 63), and Holt (Mem. Manchester Phil. Soc., 1911, 55, 
No. 10), on the relations between boron trioxide, metaboric and 
orthoboric acids, have led to the conclusion that metaboric acid is 
a definite substance, but there remain a number of outstanding 
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points which require elucidation before our knowledge of these 
substances can be regarded as satisfactory. 

Holt was able to show that, in aqueous solutions of varying 
concentration, orthoboric acid exists in the form of simple mole- 
cules, but owing, no doubt, to the ease with which boron trioxide 
and metaboric acid react with water, information is lacking with 
regard to the molecular condition of boron trioxide and metaboric 
acid, and to the rate of reaction between these two substances 
and water. 

The present communication describes attempts made to provide 
further information on these points relating to the nature and 
reactions of the boric acids which have not been fully dealt with 
by previous workers. 


The Rate of Reaction between Boron Trioxide and Water. 


It has always been assumed that boron trioxide and metaboric 
acid react with water at such a high speed that it would be 
impossible to measure the rate of reaction or the molecular weight 
of either in aqueous solution. Both substances dissolve in other 
solvents, such as alcoho] and acetone, but these solvents are un- 
suitable for cryoscopic measurements, and the volatility of the 
solute in the boiling solvents render ebullioscopic measurements 
useless (Firth and Myers, T., 1914, 105, 2887). 

When boron trioxide is placed in water, even if it be in a finely 
ground condition, such as is obtained by grinding the particles 
of the glass in an agate mortar, the anhydride does not dissolve 
immediately. This phenomenon, which is also observed in the case 
of other glasses, such as fused metaphosphoric acid, is apparently 
due to the physical condition of the solid. After the boron tri- 
oxide has been in contact with the water for a minute or two, a 
reaction takes place quite suddenly, which is marked by a notable 
change in the volume of the solid. The solid which is produced 
dissolves fairly rapidly in water. The phenomenon, which indi- 
cates some hydration of the boron trioxide, may be easily repeated 
at a very much slower rate by exposing the substance to a moist 
atmosphere, when there is a gradual and easily detected change 
from the hard, glassy material to a light, powdery substance of 
much greater volume than that of the original anhydride. 

Use has been made of this behaviour to measure the rate of 
hydration of boron trioxide. 

Further qualitative information on this matter was obtained by 
the following experiments. 

Boron trioxide, metaboric and orthoboric acids, were dissolved 
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in water, and to the solutions were added portions of potassium 
iodide—iodate solution for the purpose of detecting hydrogen ions, 
Orthoboric acid is, of course, very little ionised in solution, but 
after a minute or two, a liberation of iodine was apparent, although 
a considerable time elapsed before the maximum amount of colour 
developed. In the case of the other two solutes, there was no 
immediate coloration, and in some cases two or three hours were 
required to produce a colour comparable with that obtained with 
orthoboric acid. The length of time required for iodine to appear 
was apparently proportional to the concentration of the solute, and 
generally was about the same for boron trioxide and metaboric 
acid. It may be mentioned that metaboric acid exhibits some 
differences in its behaviour towards potassium iodide—iodate solu- 
tion in that some specimens react quicker than others, and it may 
be suggested that this is due to a difference in the mclecular con- 
plexity in the metaboric acid, due to its method of preparation. 
Holt is of the opinion that metaboric acid may exist in two forms, 
one vitreous and the other crystalline, according to the tempera- 
ture used for its preparation. It appears, also, that the rate of 
formation of metaboric acid from orthoboric influences the mole. 
cular condition of the product. 

The behaviour of boron trioxide, metaboric and orthoboric acids 
towards potassium iodide—iodate solution indicates, it is submitted, 
that although boron trioxide may become hydrated to metaboric 
acid very rapidly, a much longer time is necessary for the next 
stage of the hydration. It may therefore be possible to calculate 
the molecular weight of metaboric acid in a freshly prepared solu- 
tion, sufficiently accurately, at any rate, to decide the molecular 
complexity of the substance in solution, and also to derive some 
information respecting the order of the reaction between metaboric 
acid and water, since, if the freezing point of the solution remains 
constant, the reaction taking place in the solution is one of the 
first order. 

The hydration of metaboric acid is hastened by the addition of 
mannitol, as one would expect with an acid so little ionised. 

The rate of hydration of boron trioxide was measured by ex- 
posing a weighed quantity of the substance to an atmosphere 
saturated with water vapour at a constant temperature. The solid 
was placed in a shallow weighing bottle, which was placed in 4 
larger vessel containing water, and the whole maintained at 4 
constant temperature. 

Two methods were employed for obtaining a suitable surface of 
the boron trioxide. The first was to make a thin, regular layer of 
the finely ground material in the ordinary way, and the second 
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was to dissolve the boron trioxide (or metaboric acid) in dry 
alcohol, pour the solution into the shallow vessel, and then 
evaporate the alcohol carefully and allow the vessel to remain in 
a vacuum desiccator containing calcium chloride until quite free 
from alcohol. It was found that a very thin, even layer could be 
obtained by the latter method if the vessel used was cleaned care- 
fully before introducing the alcoholic solution. 

The weighing bottle was removed from the moist atmosphere 
from time to time, closed, and weighed. The values for a typical 
example of this hydration are given in table I. 


TaBLeE I. 


Boron Weight of 

trioxide. Time in product. Gain. 
Grains. minutes. Grams. Gram. 
1-2945 120 1-334 0-0405 

250 1-377 0-083 

1350 1-650 0-356 

1800 1-713 0-418 

3060 1-865 0-570 

4500 1-951 0-656 

8640 2-011 0-717 


It will be evident from the values given above that the hydra- 
tion of boron trioxide proceeds farther than the stage of meta- 
boric acid under the conditions employed. It will also be seen 
that comparatively early in the reaction (after about twenty hours) 
sufficient water has been taken up to transform the whole of the 
boron trioxide into metaboric acid, but that the further hydra- 
tion to orthoboric acid requires a very much longer period. These 
facts bear out the conclusions derived from the qualitative experi- 
ments with potassium iodide—iodate solution. 

Owing to the fact that it has not been found possible to devise 
any means of analysing the product of hydration, it is not possible 
to express the values given in table I in the form of an order of 
reaction. It appears probable, however, that metaboric acid is 
one stage of the reaction, but, at the same time, it seems likely 
that a factor that will influence the rate of reaction is the degra- 
dation of molecular complexes, of which boron trioxide glass is 
probably composed. Such a degradation is known to take place 
in the case of other glasses, such as metaphosphoric acid (Holt 
and Myers, T., 1911, 99, 384). 

The values given in table I have been plotted as a graph (Fig. 1), 
the time being taken against the increase in weight, and it is 
shown very clearly that the first part of the reaction is relatively 


much faster than the latter part. 
Since it has been established that metaboric acid is probably 
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one stage in the hydration of boron trioxide, the next measure. 
ments made were those of the hydration of metaboric to ortho 
boric acid. 

The experiments were carried out in a way similar to that 
already described for boron trioxide, and the results obtained are 
given in table IT. 


HYORATION OF 
ee __ BORON TRIOXIDE 
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Gain in weight in grams. 


The values for & are calculated on the formula for a unimole- 
cular reaction, assuming that the metaboric acid is hydrating to 
orthoboric acid. These values show a certain regularity which 
probably indicates that this reaction is a unimolecular one. The 
general rising tendency of the values for k suggests, however, that 
the molecular condition of the metaboric acid affects the rate of 
the reaction. 
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Taste IT. 


Metaboric Weight of 
acid. Time in product. Gain. 
Grams. Grams. Gram. &. 

1-451 1-478 0-027 0-00067 
1-509 0-058 0-00069 
1-545 0-094 0-0007 
1-644 0-193 0-00076 
1-666 0-215 0-00076 
1-741 0-290 0-00072 
1-817 0-366 0-00074 
1-884 0-433 0-00079 
1-908 0-457 0-00084 
1-981 0-530 0-00080 


Further information on this question of the mode of hydration 
of metaboric acid was obtained by a number of freezing-point 
determinations. 

From the evidence derived from the behaviour of solutions of 
metaboric acid, and from the rate of hydration of the acid in an 
atmosphere of aqueous vapour, it is concluded that this reaction 
is a comparatively slow one, and if boron trioxide is dissolved in 
water, the metaboric acid which is immediately formed does not 
at once change to orthoboric acid. 

If this conclusion is correct, measurements of the depression of 
the freezing point of a solution, made by adding a known quantity 
of boron trioxide to water, should indicate, in the first place, the 
molecular condition of metaboric acid in solution, and, secondly, 
the order of reaction of the hydration. 

A solution was prepared by dissolving 0°218 gram of boron tri- 
oxide in water, and as soon as solution was complete, the freezing 
point was determined. This was found to be 2°49° on an arbitrary 
Beckmann scale. After a day had passed, when the solution would 
undoubtedly consist of orthoboric acid, the freezing point was 
measured again, and was found to be unchanged. This freezing 
point indicates a depression of 0°47°. 

Since 0°218 gram of boron trioxide would give on hydration 
0274 gram of metaboric acid, the freezing point determined 
indicates that in aqueous solution metaboric acid exists in simple 
molecules. Further, since the freezing point remains constant 
during the hydration to orthoboric acid, the reaction may be 
stated to be one of the first order. 

If 0°387 gram of orthoboric acid is produced from the quantity 
of boron trioxide used, Holt’s conclusion that orthoboric acid exists 
in simple molecules in aqueous solution is confirmed. It was not 
found possible in any experiment to obtain any information as to 
the molecular complexity of boron trioxide, owing, no doubt, to 
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the very great velocity of the reaction between this substance and 
water. 

The next measurements made were those of the rate of dehydra. 
tion of orthoboric acid. 

It was found that, at the ordinary temperature, orthoboric acid 
is not dehydrated when placed in a vessel containing phosphoric 
oxide. If mixed together, dehydration takes place very suddenly 
at a temperature between 85° and 90°. 

Measurements of the rate of dehydration on heating were carried 
out by maintaining a weighed quantity of orthoboric acid at a 
constant temperature in an apparatus which allowed the free 
escape of water vapour as it was given off. 

The values obtained at 103° are shown in table ITI. 


Tas_e III. 


Orthoboric Weight of 
acid. Time in product. 
Gram. minutes. Gram. 
0-337 0-257 
0-460 d 0-387 
0-459 0-415 
0-456 0-320 
0-464 0-329 


The values obtained at 135° are given in table IV. 


TaB_e IV. 


Orthoboric Weight of 
acid. Time in product. 
Gram. minutes. Gram. 
0-582 0-485 
0-429 
0-402 
0-396 
0-396 


From the values given in tables III and IV, the rate of (uni- 
molecular) reaction has been calculated, and these values are shown 
in table V. 


TABLE V. 


Temperature Temperature 
103° 135° 
k. k. 

0-014 0-074 
0-010 0-068 
0-009 

0-009 

0-008 


The values for the dehydration at 103° show a reasonable con- 
stancy, but it was found that the loss in weight could not be satis- 
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factorily explained in the cases of relatively long heating on the 
assumption that the product was metaboric acid, and this fact - 
introduces a small error in values (4) and (5). There seems to be 
a slow and continuous volatilisation of the product even at this 
temperature. In the case of heating at 135°, it is only possible 
to assume the formation of metaboric acid in the first two values, 
since the subsequent loss of weight cannot be accounted for on 
this basis. Up to the stage of metaboric acid, the reaction seems 
to proceed in a similar manner to that at 103°, but after that 
stage has been reached there is evidence of the production of 
molecular complexes, and in appearance the product is quite 
different from that obtained at 103°. It is distinctly granular, 
and even slightly coloured. Holt has measured the vapour pressure 
of metaboric acid at 180°, but was not able to obtain evidence of 
the formation of definite compounds. 


Conclusions. 


(1) The hydration of boron trioxide takes place in at least two 
stages, first, to metaboric acid, and then to orthoboric acid. 

(2) The hydration to metaboric acid is very much faster than 
the further reaction. 

(3) The hydration of metaboric acid is a unimolecular reaction. 

(4) The dehydration of orthoboric acid at about 100° proceeds 
as a unimolecular reaction to metaboric acid. At a _ higher 
temperature, the reaction becomes much more complicated, involv- 
ing, probably, the formation of molecular complexes of metaboric 
acid. 


Tue UNIVERSITY, 
MANCHESTER. [ Received, February 22nd, 1917.) 


XX.—A Simple Apparatus for the Washing of 


Gases. 


By Harotp Heatu Gray. 


Durine the progress of some recent work on the extraction of 

hydrocarbon vapours from a mixture of gases containing them, 

the difficulty of obtaining a suitable gas-washing apparatus caused 

much inconvenience and some delay. Such a determination as 

that of the amount of toluene or xylene present in coal gas, 
r* 3 
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carburetted water gas, or similar gaseous mixtures usually involves 
the operations of : 

(1) Washing the gas by means of a suitable solvent. 

(2) Distilling and fractionating the solution so obtained in 
accordance with a scheme of operations similar to that drawn up 
by Dr. H. G. Colman or by Mr. James. 

Little trouble arises under heading (2) owing to the care with 
which the details have been worked out, but the washing of gas 
in such a way as to obtain accurate results may cause trouble. 
Certainly the author experienced much difficulty in putting 
together an apparatus which would give reasonably accurate results 
and at the same time not require constant attention. Even such 
a simple apparatus as a series of washing bottles containing “ green 
oil” is capable of causing trouble and annoyance in the shape of 
stoppages of the gas flow and unexpected leakages. Assuming that 
a satisfactory estimation requires the collected vapours from about 
100 cubic feet of gas (2800 litres), the chief experimental difficul- 
ties liable to occur can be summarised as follows: 

(a) At the slow rate required for complete extraction, the wash- 
ing of 2800 litres of gas occupies a considerable time, say seventy 
to one hundred hours. 

(5) The solvent may become saturated, thus causing low results. 

(c) The total depth of liquid through which the gas has to pass 
causes the development of a considerable “ back-pressure”; that 
is to say, the gas to be washed must possess a considerable initial 
pressure in order that it may be forced through the liquid neces 
sary for the extraction of contained vapours. 

(d) The necessity for working with dilute solutions involves, as 
corollary, the use of large quantities of washing medium (for 
example, “green oil’’). 

(e) The general complexity of apparatus makes the preparation 
of gas-tight joints difficult, and errors ensue owing to leaks. 

Item (c) caused most difficulty. No washing apparatus was 
known to the author which would wash quickly 2800 litres of gas 
without the development of a considerable “ back-pressure.” 
Mechanical distributing devices, either for the gas or for the oil, 
failed to realise the hopes placed in them, and in no way destroyed 
the difficulty of “ back-pressure.” Accordingly, the gas to be 
washed was passed through a mass of condensing vapour in the 
apparatus shown. 

As it was desired to extract toluene from coal-gas, the first 
vapour to be tried as solvent was the vapour of benzene. 


creme HF noe FF es &” 
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Description of Apparatus. 


The gas to be treated is led through the glass tube A, which is 
arranged concentrically throughout the length of the inner tube 
of a water-cooled Liebig condenser, the end of the tube A project 
ing into the flask C. The flask C contains the solvent, which in 
the case of toluene estimations may suitably be heated benzene 
(of a known boiling-point range). The gas, now heavily laden 
with benzene (or other) vapour, passes out of the flask into the 
annular space in the inner tube of the ,~ —- 
Liebig condenser; it there deposits 
benzene in the form of a mist, indi- Ne 
cated at D. The benzene fog, or mist, 
washes out toluene and allied vapours, 
and the gas, now saturated with 
benzene vapour, passes out of the con- 
denser by the sidetube F. The final 
mixture of toluene and benzene which 
remains in the flask C is subjected to 
fractionation in the usual manner. 
The joints F and G@ can be made quite 
satisfactorily by means of good bark 
corks; the mercury cup-joints shown in 
the figure are less subject to leakages, 
but are expensive and difficult to 
repair. 

A few trials made it clear that the 
“vapour”? washer, under suitable con- 
ditions, possessed many advantages 
over “liquid” washers, and by its use 
the author succeeded in eliminating, 
or at least greatly reducing, each of 
the several drawbacks enumerated 
above as attaching to the use of liquid 
in a gas-washing apparatus. 

Efficiency of Extraction—tThe effici- 
ency of extraction is due mainly to the ideally intimate contact 
between the gas and the washing medium. The drenching of the 
gas by means of the precipitating liquid compares very favourably 
with the more gross and less intimate washing which occurs when 
gas is simply bubbled through liquid. 

Another important factor is that the solvent is continually 
present in large excess and in a pure form. 

A catch-bottle placed after a series of three vapour washers 
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was found to contain pure benzene of the same boiling-point range 
as that originally employed. This may be taken as an indication 
of complete extraction. 

Choice of Solvent.—The choice of benzene as solvent for toluene 
was based on the fact that at the ordinary temperature the vapour 
tension of benzene is greater than that of toluene. ‘Tf one expresses 
this in another way, by saying that the benzene has a greater 
tendency to enter the gas than has toluene in similar circumstances, 
it will readily be seen that benzene is a more suitable solvent for 
toluene than is such a substance as “green oil,’’ since it is con- 
ceivable that at certain concentrations, easily attained in a gas- 
washing apparatus, the toluene is more likely to be given up to 
the gas than to be retained by the “green oil.” The danger of 
oversaturation of the solvent is rather remote when benzene is used 
to dissolve toluene. Similar considerations arise in the converse 
operation known as “carburetting”’ gases of poor calorific or 
illuminating value on a large scale. The examination of liquid 
deposits in gas mains indicates clearly that the use of hetero- 
geneous carburetting liquids is not always economical in practice, 
however cheap such liquids may be, and can seldom fail to lead 
to erratic results. Other conditions being equal, if two liquids are 
to be examined with a view to their use as carburetting agents, 
that liquid with the narrower boiling-point range should give the 
most constant results. 

Apart from the relative vapour tensions of the solvent and 
solute, the suitability of a solvent will be determined by the 
behaviour during subsequent distillation of the solution obtained. 
A separation is essential. The form of apparatus shown in the 
figure demands the use of a solvent of higher vapour tension than 
that possessed by the vapour to be extracted; there seems, how- 
ever, to be no reason why a xylene mist should not extract toluene 
in a suitably designed washer. The condenser would not then be 
of the reflux form, nor would the solutions so obtained be of any 
great degree of concentration. 

Rate of Gas Flow.—The velocity of gas flow with which it is 
convenient to work will depend largely on the areas of cross-section 
of the various portions of the apparatus; when a glass tube of 
0°6 cm. internal diameter was used, it was possible to wash the 
gas at the rate of 280 litres per hour, which is an improvement on 
the usual rate of 42 litres per hour used when washing coal-gas 
with oil in the liquid form. Wider tubes would allow of still more 
rapid washing. 

A pplications—The “vapour” washer is capable of general 
application in the examination of mixtures of permanent gases 
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with vapours, provided that for each case a suitable solvent is 
found. The use of vapour seems well adapted to the determina- 
tions of dust or tar fog in gases, determinations which are fre- 
quently required, but are really difficult to carry out in a truly 
satisfactory manner. Wherever it is desired to extract soluble 
vapours with maximum efficiency from a large quantity of gas in 
minimum time, the use of vapour would seem to promise many 
advantages over the usual forms of “liquid” washers, such as 
washing towers, spirals, worms, bead-washers, etc., all of which 
have the common drawback of interposing great resistance to the 


passage of gas. 


The experimental work was carried out in the laboratories of the 
Birmingham City Gas Department, and the author wishes cordially 
to acknowledge his indebtedness to the Birmingham Gas Com- 
mittee for the opportunity of doing it, and to E. W. Smith, Esq., 
M.Sc., Chief Chemist to the Gas Department, for very kindly 
putting at his disposal every facility for testing the method under 
the varied conditions available at Birmingham. 


LONDON. [Received, December 15th, 1916.] 


XXI.—Solvent Effect and Beer's Law. 
By AtrreD WALTER Stewart and Rosert WRIGHT. 


Iv the majority of cases in which non-ionised solutes are examined, 
it is found that concentration has no appreciable effect on 
absorption spectra provided that the rays of light during the 
experiment pass through an equal number of molecules of the 
solute and that the solvent is diactinic. For example, a layer of 
1 mm. thickness of a gram-molecular solution shows exactly the 
same absorption spectrum as is exhibited by a 10 mm. layer of an 
M/10-solution of the same solute in the same solvent. In these 
cases, the phenomena agree with Beer’s Law. 

Some years ago, the present authors examined a case in which 
the results differed from what was anticipated. On photographing 
various solutions of iodine under conditions such that the thick- 
ness of the layer, multiplied by the concentration of the solution, 
was a constant quantity, it was found (Ber., 1911, 44, 2819) that 
Beer’s Law did not hold in the case of aqueous and alcoholic solu- 
tions. In the case of aqueous solutions, the substance became 
more diactinic with increased dilution, whereas in alcoholic solu- 
tions the converse result was observed, for the solutions increased 
in transparency as the concentration became greater. By using 
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a solvent containing 20 per cent. of alcohol and 80 per cent. of 
water, it was found that iodine obeyed Beer’s Law, for the positive 
deviation of the water was counterbalanced by the negative 
deviation due to the alcohol. 

In order to explain these results, it was suggested that in the 
two solvents there may be a loose combination between the iodine 
and the solvent, leading to the formation of an absorptive iodine 
additive product of the oxonium type. In alcoholic solutions, the 
formation of this will be facilitated by an increase in the amount 
of alcohol present; and hence in a dilute solution there will be 
more of it present than in a concentrated one—the total amount 
of iodine being the same in both cases. This hypothesis would 
explain the increased absorptive power as the solution is diluted. 

In aqueous solutions, a further factor must be considered. An 
oxonium complex might be expected to ionise in aqueous solution, 
and since the iodine ion is diactinic under the conditions of the 
experiment, the more ionisation there is in solution the less absorp- 
tive will the solution become. Thus the hypothesis agrees with 
the facts in this case also, since increase in dilution will be accom- 
panied by increased ionisation of the complex. 

It seemed desirable to carry the investigation further, and the 
following results have been obtained with other solvents. 

Since both alcohol and water contain an oxygen atom which 
might act as a centre for an oxonium complex, it was decided to 
compare two new cases, in one of which the solvent was oxygenated 
whilst in the other it contained no oxygen. Ether and light 
petroleum were selected as the simplest examples. 

In the case of ether, the following results were obtained, two 
different sets of concentrations being employed. 


Ether Solutions. 


Transmission Transmission 
begins. ends. 
Thickness. Solution. . xr. 

80 mm. 4250 3230 
40 4250 3140 
20 4250 3080 ? (strong lines) 
10 4250 0 
5 4250 


80 5250 
40 5250 
20 5250 
10 5250 
5 5250 ? (strong lines) 


2-5 5250 


It will be noticed from the above figures that increase in dilu- 
tion produces an increase in absorptive power. Although the light, 


— a ee ee 


SOLVENT EFFECT AND BEER’S LAW. 185 


in the second series of experiments, is passing through the same 
uantity of iodine in each case, yet the WV /50-solution is diactinic 
up to A 2930, whilst the V/1600-solution absorbs, in addition, the 
wave-lengths between A 2930 and 3140. From this it is evident 
that ether, when used as a solvent for iodine, has an action similar 
to that of alcohol, and that the oxonium hypothesis is strengthened 
by these results. 

Turning to the case of light petroleum, in which no oxonium 
formation can take place, the results are different. 


Light Petrolewm Solutions, 


Transmission Transmission 
begins. ends. 
Thickness. Solution. Xr. r. 
80 mm. N/400 
40 N/200 | 4625 3030 
20 N/100 | 
10 N/50 


4 N/800 4850 2760 | 
40 N/400 4850 2760 j (Strong lines) 
20 N/200 4850 2730 


10 N/100 4850 2680 
5 N/50 4850 2640 


In the first series there is no deviation from Beer’s Law within 
the experimental limits of accuracy. The only difference between 
the various exposures is a slight weakening of the lines in the 
region 13050. In the second series of figures, it will be found 
that there is a slight increase of absorption with diminishing con- 
centration, but the effect is much less than is found in the case of 
ether. Here there is no possibility of any oxonium complex being 
formed, although there may have been some slight (but probably 
negligible) action between the iodine and the hydrocarbon under 
the influence of light. 

Methyl acetate was the next solvent examined, and the results 
are as follows: 


Methyl Acetate Solutions. 


Transmission Transmission 
begins. ends, 
Thickness. Solution. r A 

N/800 4200 3130 
N/400 4200 3080 
N/200 4200 3020 
N/100 4200 2830 
N/50 4200 2670 


N/1600 5250 3010 
N/800 5250 2620 


(Absorption remains the same down to 2-5 mm. of N/50.) 
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Here again, in the case of an oxygenated compound, the effect 
of dilution is to increase the absorptive power of the solution to 


a marked extent. 
Carbon tetrachloride as a solvent gave the following results: 


Carbon Tetrachloride Solutions. 


Transmission Weakly Transmission 
begins. transmitted. ends, 
Thickness. Solution. r rv X 

80 mm. N/160 4450 3010-2820 2820 
40 N/80 4450 3010-2820 2820 
20 N/40 4450 -— 3010 
10 N/20 4450 —_— 3230 

5 N/10 4450 --- 3350 


Here, in a non-oxygenated substance, the results are converse 
to those found in oxygenated solvents. The absorptive power is 
greatest in concentrated solutions. 

In the case of chloroform, the results were found to be similar 
to those with carbon tetrachloride. 


Chloroform Solutions. 


Transmission Transmission 
begins. Weakly ends. 
Thickness Solution. xr. transmitted. x. 
80 mm, N/80 4250 — 3250 
40 N/40 4250 _- 3360 
20 N/20 4250 ans 3420 
10 N/10 4250 as 3450 


40 N/80 4450 _ 2520 
20 N/40 4450 —_— 2520 
10 N/20 4450 2700-3000 2520 

5 N/i0 4450 — 3240 


As the figures show, the increase in concentration is here accom- 
panied by increased absorptive power. 

Surveying the effects of the five solvents examined, it appears 
that an increase in concentration is accompanied by a decrease 
in absorptive power in the cases of the oxygenated compounds, 
ether and methyl acetate (to which group alcohol also belongs), 
whilst with chloroform and carbon tetrachloride the results are 
inverted, increase in concentration giving greater absorptive power. 
Light petroleum resembles the oxygenated solvents, but its 
influence is slight. 

From the foregoing, it seems clear that iodine is affected to 4 
greater or less extent by the solvent in which it is dissolved. Since 
the deviation from Beer’s Law is slight in the case of the almost 
inert light petroleum, it seems probable that the deviation is due 
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to some interaction between the iodine and the solvent; and as 
solvents containing an oxygen atom behave similarly to each other, - 
although differing widely in chemical constitution, it seems not 
unwarranted to assume that the oxygen atom in each of the mole- 
cules has some influence on the matter. As to the converse effect 
of the other solvents examined, it may possibly be due to a partial 
dissociation of the iodine molecule under the influence of the 
liquid, but this hypothesis must be received with caution. 


Tae PuystcAL CHEMISTRY DEPARTMENT, 


THE UNIVERsITy, 
GLAsGow. [Received, January 29th, 1917.] 


XXII.—Acyl Derivatives of Paradiazoimino- 
benzene. 


By Gitsert T. Morcan and Apotex WILiiaAmM Henry Upton. 


Tae monosulphonamides of »phenylenediamine and its homologues 
give rise on diazotisation to diazonium salts, which change by in- 
ternal condensation. into pdiazoimides on diminishing the acidity 
of the diazo-solution. The course of this reaction may be indicated 
by the following general equation: 
NH-£0,R NH:SO,R ——-N:SO,R 
$ 


V4 
NH,, HCI N,Cl 
(L.) (IT.) 

The diazonium salt (II) has been isolated in several instances, but 
when diazotisation occurs in the absence of strong acids condensa- 
tion takes place forthwith and the pdiazoimide is produced. 

As the result of applying this process to a large number of 
paminosulphonamides (I) and similarly constituted compounds, it 
has been demonstrated that the reaction is a very general one. The 
course of the reaction taking place throughout the series of sulphon- 
amides examined may be summarised in the following generalised 
diagram : 


-~NH'Sv,° |R” N- 
| X<NE, . +nHNO, = [>< 


n 


+ 2nH,0. 


~ a 


X is a bivalent aromatic hydrocarbon group with (a) homo- 
nuclear substituents, such as 1:4-phenylene, C,H,; 1:4-tolylene, 
C/H,; 1:4-xylylene, C,H,; or 1:4-naphthylene, Cj Hy, or with 
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(+) heteronuclear substituents, such as 4:4/-diphenylene (benziding 
residue), CsH,-C,H,; or 1:8-naphthylene, C, Hg. 

n=the valency of the radicle R attached to the sulphonic group, 
Instances have been selected where n=1, 2, or 3. 

With x»=1, R’ has been methyl, benzyl, phenyl, o- and ptolyl, 
1 :3-xylyl, a- and B-naphthyl, and B-camphory]. 

With n=2, R” has been methylene, CH,, and 1:3-phenylene, 
C,H. 

With n=3, R’” has been the tervalent group, 1 :3 :5-C,Hg, derived 
from benzene. 

The practical details by means of which the foregoing general 
reaction has been demonstrated are described in the following com- 
munications: T., 1905, 87, 73, 921, 1302; 1906, 89, 4, 1158; 1907, 
91, 1505, 1512; 1908, 93, 614; 1910, 97, 48; Ber., 1906, 39, 2869. 
It was also demonstrated that the diazoimide condensation does not 
occur with m-aminosulphonamides ; it is a function of the more sym- 
pathetic ortho-, para-, dipara- (benzidine), and peri- (naphthalene) 
positions (T., 1906, 89, 1289). In addition to these researches, the 
investigation has been extended to paminodiphenylamine and its 
nitro-derivatives, with the result that it was found that these sub 
stances give rise on diazotisation to internal condensation products, 
namely, the pdiazoimines, in accordance with the following general 
reaction : 

CHa CoH s—n(NOp)n HNO, —> OH.<y CgH—n(NO3)n 

2 2 
where »=0, 1, 2, or 3 (Ber., 1902, 35, 888; T., 1908, 93, 602). 

It was obviously of interest to examine the behaviour under 
similar conditions of acyl-pdiamines containing carboxyl groups, 
but when the procedure of diazotising in aqueous solutions was 
applied to these compounds it failed completely to yield the corre 
sponding acyl-pdiazoimides. In these circumstances, only ill- 
defined diazoamines were obtained from formyl-pphenylenediamine 
and acetyl-pphenylenediamine. More definite and _ interesting 
results were obtained from benzoyl-pphenylenediamine, which 
yielded benzoyl-p-aminobenzenediazonium nitrite and the corre 
sponding hydrogen carbonate (T., 1905, 87, 933). Even more strik- 
ing was the behaviour of benzoyl-1:4-naphthylenediamine, which 
gave rise to well-defined, stable, coloured diazonium salts (T., 1907, 
91, 1316), but neither of these benzoyl-pdiamines showed any 
tendency to furnish benzoyl-pdiazoimides in aqueous solution. 

It has now been found that formyl-p-phenylenediamine and its 
homologues can be converted into pdiazoimides by diazotising with 
liquid nitrous anhydride in non-aqueous solvents, such as dry 
acetone. 
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Formyl-p-phenylenediazoimide (formula IV), obtained in this way 
from formyl-pphenylenediamine, is an unstable, pale yellow sub- 
stance, darkening on exposure to light and losing diazo-nitrogen 
even at the ordinary temperature: 


HN-COH 
a 


A 
NH, 


This compound, the simplest possible acyl-p»phenylenediazoimide, 
is the least stable member of the series. 

The next homologue, acetyl-p-phenylenediazoimide (formula V), 
is of special interest as showing how dependent is the course of the 
diazo-reaction on experimental conditions. The parent substance, 
acetyl-p-phenylenediamine, has long been diazotised on a consider- 
able scale in the manufacture of azo-colours, having a p»phenylene 
residue as the middle component. This diazotisation is, however, 
always effected in aqueous solutions, and accordingly the cyclic 
diazoimide has not been produced under these conditions. 


HN-CO-CH, 
N03 


Acetyl-p-phenylenediazoimide is a pale yellow, crystalline com- 
pound, which, like the formyl compound, is unstable at the ordinary 
temperature, slowly losing diazo-nitrogen even in dry air. Con- 
siderable increase in stability is, however, produced by substituting 
a benzoyl group for the formyl and acetyl groups of the preceding 
compounds. 

Benzoyl-p-phenylenediazoimide (formula VI) is obtained by the 
same experimental method from benzoyl-pphenylenediamine. It is 
a well-defined, pale yellow, crystalline substance, quite stable in air 
at the ordinary temperature: 

HN-CO:O,H, 
f* 


Inasmuch as this non-aqueous diazotisation with liquid nitrous 
anhydride changed completely the course of diazotisation of benzoyl- 
Pphenylenediamine from that which obtains in aqueous or in acid 
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solutions (see above), it seemed of interest to extend the study to 
the parallel case of benzoyl-1:4-naphthylenediamine. This naphth. 
alenoid amine had in aquo-acid solutions given rise to an exception- 
ally stable and well-defined series of coloured diazonium salts, but 
in these conditions it had shown no tendency to furnish a cyclic 
diazoimide. This compound becomes the main product when the 
diazotisation is conducted under the new conditions. Liquid nitrous 
anhydride in dry acetone leads to benzoyl-1 :4-naphthylenediazo- 
imide (formula VII), a compound resembling the preceding benz 
enoid analogue and stable in air at the ordinary temperature: 


NHBz NBz- 
4 wt Nan, ( \ ax 
> 
a il WANA 
NH, Ny— 
(VIt). 

The foregoing acyl-p-phenylenediazoimides and the corresponding 
naphthylene analogue have chemical properties closely resembling 
those of the alkyl- and aryl-sulphonyl-pphenylenediazoimides ; they 
combine additively with phenols and naphthols and with reactive 
bases, such as the naphthylamines and m-phenylenediamine and its 
homologues to furnish azo-derivatives. The production of these 
comparatively simple acyl-p-diazoimides is another step nearer to 


the hypothetical pphenylenediazoimine (pdiazoiminobenzene), 


i7 she e pit Ng, 


<a. Nee 


which has not hitherto been isolated. 


EXPERIMENTAL. 


Formyl-p-phenylenediazoimide, C 8, .—— 


Formanilide dissolved in 2 parts of cold concentrated sulphuric 
acid was nitrated with 1 part of nitric acid (D 1°42) diluted with 
an equal volume of concentrated sulphuric acid; the nitration mix- 
ture was stirred thoroughly and maintained at 15—20°. The crude 
pnitroformanilide, when precipitated on ice and crystallised from 
toluene, melted at 196°. An alternative method of preparing this 
nitro-compound consisted in boiling one molecular proportion of 
puitroaniline dissolved in toluene with formic acid (2 mols.) for 
three hours, when the formyl derivative crystallised on cooling. 
The yellow, crystalline powder, when washed with alcohol, melted 
at 197°, the yield being about 88 per cent. of the calculated 
amount. 

Formy]-»phenylenediamine was best obtained from the preced- 


~~ <> 1%. 
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ing nitro-compound by suspending 20 parts of the latter in 70 parts 
of hot water containing 1 part of formic acid and by adding slowly 
90 parts of iron borings. The reduction was complete in about 
forty minutes, after which 1 part of solid calcium carbonate was 
added and the precipitate of iron hydroxides filtered off quickly 
from the boiling solution. From the cooled filtrate 6—7 parts of 
formyl-p-phenylenediamine crystallised, whilst a further portion 
was obtained by €vaporating the mother liquor in a current of 
carbon dioxide. The total yield of formyl-p-phenylenediamine was 
70 per cent. of the calculated quantity. 

The formylated base was purified by extraction with dry benzene 
in a Soxhlet apparatus. This solvent, which removed the base in a 
purified, colourless condition (m. p. 125—126°) without melting 
out the tarry impurity, is for this reason to be preferred to toluene, 
in which the base is rather more soluble, because at the higher boil- 
ing point of toluene the tarry impurity melts and becomes mixed 
with the extracted material. 

Earlier experiments in aqueous solution having shown (/oc. cit.) 
that this medium was not suitable for inducing internal condensa- 
tion to a diazoimide, attempts were made in various organic sol- 
vents. Formyl-p-phenylenediamine (0°5 gram) dissolved in 6 c.c. of 
alcohol to which were added 20 c.c. of ether was treated with 
nitrous fumes generated from arsenious oxide and nitric acid, the 
ether-alcohol solution being cooled by ice and salt. A brown 
powder separated, which after drying in a vacuum desiccator 
blackened at 94—-95° and decomposed at 120—124°. This result 
indicated the formation of an unstable diazo-compound, and further 
experiments were made. Half a gram of purified formyl-p- 
phenylenediamine dissolved in 10 c.c. of dry acetone and cooled by 
ice and salt was treated with excess of liquefied nitrous anhydride. 
A pale yellow, crystalline solid separated, the precipitation being 
completed by the addition of cooled dry ether. The product, after 
drying on a porous tile, decomposed with explosive violence at 128°, 
and coupled with 8-naphthol either on powdering the reagents 
together or more rapidly on moistening these substances with pyr- 
idine, the product being a bright red azo-derivative. Similar azo- 
couplings occurred equally readily with a- and #-naphthylamines, 
yielding respectively deep red and brown azo-derivatives. When 
exposed to light the diazo-compound darkened, becoming orange, 
brown, and finally black. 

On repeating the preparation in acetone with liquefied nitrous 
fumes derived in the usual way from arsenious oxide and concen- 
trated nitric acid, it was found that the method was very uncer- 
tain. Occasionally, a well-defined, yellow, crystalline diazo-deriv- 
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ative separated, but more often the product was tarry and inde. 
finite. Moreover, the crystalline material was not stable on 
exposure, and after a few days its colour had changed to deep 
yellow even in the absence of light. 

More satisfactory results were obtained by freeing the liquefied 
nitrous fumes from nitrogen peroxide by passing nitric oxide 
through the green liquid until it assumed a deep blue colour (H.B. 
Baker and M. Baker, T., 1907, 91, 1862). 

To a solution of blue nitrous anhydride in cooled dry acetone 
was added powdered formyl-pphenylenediamine. The base dis. 
solved, and the addition was continued until the liquid assumed a 
pale green colour. Cooled dry ether was then added, when a heavy, 
yellow, crystalline solid separated. This product, which was hard 
and gritty, was collected rapidly, washed with cold ether, and trans- 
ferred to a vacuum desiccator over phosphoric oxide. Even when 
kept in complete darkness the yellow diazoimide assumed a darker 
brownish-orange shade within a few hours. Freshly prepared speci- 
mens gave on analysis the following results for total and diazo- 
nitrogen : 

0°1038 gave 21°4 c.c. N, * at 18° and 761°5 mm. N=23°85. 

01134 ,, 14'4 c.c. diazo-N, at 14° and 760 mm. N=14'95. 

C;H,;ON;,14H,O requires N,=24'14; N,=16°09 per cent. 

The diazo-nitrogen was estimated by warming the diazoimide in 
the volumeter with diluted sulphuric acid (1 vol. H,SO,; 3 vols. 
H,O) for ten minutes on the water-bath. The result showed that 
the ratio of diazo-nitrogen to total nitrogen is approximately 2:3, 
thus excluding the possibility of the diazo-compound being a diazo- 
amino-derivative, COH-NH-C,H,N,*NH-C,H,-NH-COH, in which 
case the ratio should be 2:5. The remaining possibilities are that 
this diazo-product is either a primary nitrosoamine, 


COH:NH-C,H,NH-NO, 


or a hydrated diazoimide, COH-N-C,H,-N,,14H,0, either of these 
compounds giving the ratio of diazo to total nitrogen at 2:3. The 
mode of formation and the ease with which the product couples 
with B-naphhol and aromatic amines excludes the nitrosoamine 
configuration. 

On the other hand, the presence of water of hydration is quite 
compatible with the presence of an internal diazoimide complex. 
The anhydride of pdiazophenol was shown by Hantzsch and 
Davidson to contain four molecular proportions of water, 


— 
N,C,H,-0,4H,0 


* In all the nitrogen estimations recorded in this paper the gas was moist 
being measured over water. 
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(Ber., 1896, 29, 1530), and the diazoimides of the arylsulphony]- 
penzidines contain two molecular proportions of water, having the 


composition N,*C,H,*C,H,"N-S0,R,2H,0 (Morgan, Hird, and 
Micklethwait, T., 1907, 91, 1509; 1908, 98, 619). 

In the present instance, the presence of water in the diazoimide 
js quite compatible with its mode of formation, 


2COH:NH-C,H,-NH, + N,O,=2COH-N-C,H,-N, +3H,0. 
If the water eliminated from the reacting molecules remained in 
the product, the latter would have a composition corresponding 
with the analytical results. 

Formyl-p-phenylenediazoimide, when prepared in acetone solu- 
tion, was generally obtained as a pale yellow, crystalline solid, 
darkening even in the absence of light, and evolving nitrogen at 
the ordinary temperature. Various specimens’ decomposed ex- 
plosively between the limits 125° and 128°. All attempts to re- 
erystallise the compound failed, even at low temperatures, the 
products being resinous, ill-defined materials. 


Formyl-p-aminobenzeneazo-B-naphthol from Formyl-p-phenylene- 
diazoimide. 

Formyl-p-phenylenediazoimide was intimately mixed with 
B-naphthol (1 mol.), and the mixture treated with dilute aqueous 
sodium hydroxide. Frothing occurred, showing loss of diazo- 
nitrogen, and the azo-8-naphthol derivative separated, the yield 
being about 50 per cent. of the calculated amount. A more com- 
plete coupling occurred on moistening the mixture of diazoimide 
and B-naphthol with pyridine. A slight frothing was observed, 
and, after washing the separated azo-8-naphthol with water, aqueous 
sodium hydroxide and water, the yield was found to be 67°4 per 
cent. : 

00959 gave 11°2 c.c. N, at 14° and 772mm. N=14°30. 

C,7H,30,N, requires N=14°42 per cent. 

Formyl-p-aminobenzeneazo-B-naphthol, when crystallised suc- 
cessively from glacial acetic acid and alcohol, separated in dark 
brownish-red, nodular crystals, and melted at 242—243°. With 
concentrated sulphuric acid, it developed a deep _ blood-red 
coloration. 

Acetyl-p-phenylenediazoimide, OH<y ” — 
2 

Crude acetyl-p-phenylenediamine, produced by the reduction with 

iron and very dilute acetic acid of p-nitroacetanilide, was purified 
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by extraction with dry benzene in a Soxhlet apparatus, when the 
solvent deposited colourless, acicular crystals melting at 162°. For 
this purification, benzene was preferred to toluene, because at the 
higher boiling point of the latter solvent the tarry impurity jn 
the crude acetyl-»phenylenediamine was melted out and found its 
way into the crystallised product. 

The purified acetyl-pphenylenediamine was dissolved in quanti- 
ties of about 0°5 gram in the least possible amount of acetone at 
the ordinary temperature. The acetone solution was cooled by 
surrounding the beaker with ice and salt, and excess of liquid 
nitrous anhydride was added, this reagent having been first care- 
fully freed from nitrogen peroxide by passing in nitric oxide until 
the green colour of the liquid changed to blue. The acetone solu- 
tion of diazo-compound containing excess of nitrous anhydride was 
treated with dry, well-cooled ether, when the acetyl-p-phenylene- 
diazoimide separated as a yellowish-white, voluminous, crystalline 
precipitate, the yield being about 75 per cent. of the calculated 
amount. After drying on a cold porous tile in a vacuum desiccator 
over phosphoric oxide, the product decomposed explosively at 127°. 

Acetyl-p-aminobenzeneazo-B-naphthol from Acetyl-p-phenylene- 
diazoimide.—The coupling with B-naphthol took place even in the 
dry state at the ordinary temperature when the two reagents were 
ground together in a mortar. In the presence of aqueous sodium 
hydroxide, the reaction proceeded very readily, although a certain 
amount of frothing indicated that some diazo-nitrogen was 
eliminated before the condensation to azo-8-naphthol was complete: 
0°1608 gram of diazoimide yielded 0°1658 gram of azo-derivative, 
being 55 per cent. of the calculated amount. The acetyl-p-amino- 
benzeneazo-8-naphthol thus obtained melted at 259—260° (Meldola, 
T., 1905, 87, 4), and gave on analysis N=13°85, C,H,,0.N, 
requiring N=13°77 per cent. 

This azo-coupling took place with less loss of diazo-nitrogen in 
the presence of pyridine. 

Acetyl-p-phenylenediazoimide was unstable at the ordinary 
temperature, and slowly evolved nitrogen, with the formation of 
amorphous, ill-defined products. When the total and diazo-nitrogen 
were estimated on the day of preparation, the following analytical 
results were obtained. The latter estimation was made by decom- 
posing the freshly prepared diazoimide in the volumeter at 100° 
with diluted sulphuric acid (1 vol. H,SO,, 4 vols. H,O): 

0°1020 gave 21°8 c.c. N, at 12° and 742°5 mm. N=24°80. 

01327 ,, 17:0 cc. diazo-N, at 8° and 773 mm. N=15°73. 

C,H,ON,,H,O requires N, = 23°46; N,=15°64 per cent. 


Analyses made on older specimens gave lower percentages of 
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nitrogen, the amount of loss of this constituent depending on the 
lapse of time. 

When dissolved in cold acetone and reprecipitated by ether, the 
diazoimide was further decomposed, and could not by recrystal- 
lisation be purified from its decomposition products. These changes 
were due, not to hydrolysis of the acetyl group, but to the unstable 
nature of the diazo-complex. An acetyl determination by A. G. 
Perkin’s method on the partly decomposed diazoimide gave 
Ac- 2929, the calculated amount being 25-5 per cent. 

The ordinary method of combustion for carbon and hydrogen 
failed for this diazoimide, inasmuch as the compound exploded 
violently when warmed in contact with copper oxide and a stream 
of air. 

Acetyl-p-phenylenediamine dissolved in alcohol and treated with 
an ethereal solution of nitrous anhydride gave a pale pink, crystal- 
line precipitate, separating on the addition of more ether. This 
product, which resembled the diazoimide formed in acetone solu- 
tion, decomposed explosively at 95° and contained 23°18 per cent. 
of nitrogen ; it coupled readily with B-naphthol. 


: di etal N-CO-C.H 
Benzoyl-p-phenylenediazoimide, CHS CO-C, 6 
2 


Carefully purified benzoyl-p-phenylenediamine (0°5 gram) was 
added little by little to an acetone solution of blue nitrous anhy- 
dride free from nitrogen peroxide, the mixture being thoroughly 
cooled in ice and salt. The benzoyl derivative dissolved, and on 
pouring well cooled ether into the clear bluish-green solution a 
yellow, crystalline solid separated, which was rapidly collected, 
washed successively with ether and light petroleum, and dried in a 
darkened desiccator ov:r phosphoric oxide: 

01134 gave 18°7 cc. N, at 19° and 759 mm. N=18°92. 

C,,H,ON, requires N=18°83 per cent. 

Benzoyl-p-phenylenediazoimide is a pale yellow, crystalline 
powder decomposing explosively at 139°. When stirred into a sus- 
pension of B-naphthol in pyridine a red azo-derivative was obtained 
melting at 211°. Concentrated sulphuric acid gave a blue colora- 
tion, changing to violet. The azo-compound was evidently benzoyl- 
p-aminobenzeneazo-6-naphthol, identical with the product obtained 
by coupling with alkaline B-naphthol thé benzoyl-paminobenzene- 
diazonium nitrite and hydrogen carbonate previously described (T., 
1905, 87, 934). 

When coupled with alkaline B-naphthol, the diazoimide under- 
went partial decomposition as shown by frothing, and the yield of 
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benzoy!-8-aminobenzeneazo-8-naphthol is only about 62 per cent. Ip 
pyridine the coupling proceeded more smoothly, the yield of azo. 
derivative being 76°5 per cent. of the calculated amount. 


Benzoyl-1 :4-naphthylenediazoimide, OH Oe 
2 


Recrystallised benzoyl-1:4-naphthylenediamine (0°5 gram) was 
added slowly to an excess of liquefied nitrous anhydride freed from 
nitrogen peroxide and dissolved in dry acetone cooled by ice and 
salt. The benzoyl derivative dissolved, and from the clear bluish- 
green solution the diazoimide was separated as an orange, flocculent 
precipitate by the addition of dry ether. This product was rapidly 
collected, washed with dry ether, and dried over phosphoric oxide. 
The yield was considerably less than in the preceding experiment: 

0°1012 gave 12°8 c.c. moist Ny at 12° and 753 mm. N=14'88. 

C,,H,,ON, requires N=15°38 per cent. 

Benzoyl-1 : 4-naphthylenediazoimide decomposed at 123°, but 
without explosion. It coupled with 8-naphthol and resorcinol to 
give deep red and nut-brown azo-derivatives respectively, the colora- 
tions with concentrated sulphuric acid being violet and crimson. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 
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XXIII.—Chromium Phosphate.* 
By Atrrep Francis JosepH and WILLIAM Norman Rae. 


A.THovuGH chromium phosphate has formed the subject of a number 
of investigations during the past sixty years, many of its curious 
properties appear to have been unrecorded. The more important 
references to previous work are: Carnot (Compt. rend., 1882, 94, 
1313), Bloxam (Chem. News, 1885, 52, 194), Schiff (Zeitsch. anorg. 
Chem., 1905, 48, 304), and Maddrell (Mem. Chem. Soc., 1845— 
1847, III, 273). Without reviewing the literature at length, the 
following statement contains the ordinarily accessible information 
as to its chemistry: When a hot solution of chrome alum is pre 


* The substance of this paper was communicated to the Chemical Section 
of the Second Indian Science Congress held in Madras in January, 1915. 
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cipitated with excess of sodium phosphate, an amorphous, green 
precipitate is obtained, which consists of hydrated chromium 
phosphate ; this, on being heated, leaves an amorphous, brown 

wder, which is the anhydrous compound. The precipitate 
obtained in the cold by the action of sodium phosphate on excess 
of chrome alum is lavender or violet, and, if allowed to remain 
in contact with the solution, becomes dark violet and crystalline ; 
it then has the formula CrPO,,6H,O; the action of heat on the 
higher hydrated compounds is said to give rise to others contain- 
ing 5, 4, 3, 24, 2, and 1 molecule of water. A pseudomorphous, 
green, crystalline variety is also said to be formed by heating the 
violet, crystalline hexahydrate. 

The experiments here described are not in complete agreement 
with all the above statements, and they have led to a number of 
other observations of sufficient interest to be recorded. It should 
be borne in mind that the experiments were carried out at the 
ordinary temperature of a tropical laboratory, that is, about 28°. 


ExPERIMENTAL. 
Crystalline Chromium Phosphate. 


When cold solutions of equal weights of chrome alum and 
disodium hydrogen phosphate are mixed, a violet precipitate of 
amorphous chromium phosphate hexahydrate is produced. This 
precipitate, when allowed to remain in the solution for a day or 
two, is converted into a violet, crystalline hexahydrate; it may 
then be washed by decantation, filtered, and allowed to dry in the 
air. The water of crystallisation in this substance was determined 
by heating to low redness; for the determination of the chromium 
and phosphorus, it was oxidised by means of sodium peroxide, the 
resulting chromate being estimated with a freshly standardised 
solution of ferrous ammonium sulphate, and the phosphorus by 
Woy’s method of double precipitation as ammonium phospho- 
molybdate and weighing as P,O,,24MoO,. Analysis of a typical 
preparation gave: 

Found: Cr=19°8; P=11'9; H,O=41°2. 

CrPO,,6H,O requires Cr=20°7; P=12'1; H,O=42°4 per cent. 

It has been said that the first-formed amorphous precipitate 
becomes crystalline on remaining in contact with the solution, but 
at the room temperature it is essential that it should not be left 
too long, as after a week it becomes entirely converted into a 
green, amorphous powder; on analysis, this was found to be 
chromium phosphate tetrahydrate. The change is readily shown 
by leaving the crystals in contact with either water, sodium phos- 
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phate solution, or chrome alum solution, the last being the most 
rapid agent. Thus, in one experiment, 5 grams of the crystals 
were entirely converted into the green, amorphous substance by 
being left in contact with 150 c.c. of 10 per cent. chrome alum for 
five days. The change with sodium phosphate solution was not 
complete after forty days, whilst with water very little change had 
taken place after sixty days. 

This effect is greatly influenced by temperature; through the 
kindness of Dr. L. F. Hirst, a mixture of chrome alum and sodium 
phosphate solution was left in contact with the violet crystals at 
about 5° for thirty days before the crystals showed any signs of 
turning green. If the violet hexahydrate is heated at 100° for 
some time, or, better, if boiled with water for half an hour, it is 
completely converted into a green, crystalline hydrate having the 
composition CrPO,,4H,O. 

On boiling the violet, crystalline hexahydrate with acetic 
anhydride, it forms a green, crystalline dihydrate (as stated by 
Schiff, loc. cit.) similar in appearance to the tetrahydrate. Pro- 
longed boiling with acetic anhydride does not appear to cause 
further dehydration, and both the di- and tetra-hydrate appear 
stable in the presence of moist air or water. It is very difficult 
to prepare the tetrahydrate by heating the hexahydrate in dry air, 
as a continuous loss of water takes place with the formation of the 
dihydrate. As stated above, however, the change from hexa- 
hydrate to tetrahydrate is easily accomplished by heating with 
water. 

Attempts to make measurements of the vapour pressures of the 
various hydrates have been unsuccessful up to the present. 

As an alternative to direct measurement, use has been made of 
the time method first described by Hannay and by Ramsay (Journ. 
Chem. Soc., 1877, ii, 381, 395; compare also Rae, T., 1916, 109, 
1331), and the rates of dehydration have been determined by 
placing the hydrates in desiccators at various temperatures and 
finding the loss of weight from time to time. For experiments 
above the room temperature, from 60° to 150°, the arrangement 
of one or two electric lamps placed in the desiccator, surrounded 
with sawdust in a packing-case, served as a sufficiently good 
thermostat. The hydrate was stirred during dehydration by means 
of a platinum wire soldered to a brass rod, passing through a brass 
tube in the rubber stopper in the centre of the lid of the desiccator, 
the brass rod being attached to a pulley slowly turned by a motor. 

If a curve is plotted showing the loss in weight and time, any 
clearly marked transition from one hydrate to another should, of 
course, be shown by a break in the curve. In this way, for 
example, it appears that the hexahydrate becomes converted into 
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a tetrahydrate on boiling with water, because when this product 
is placed in the desiccator in the moist state at the room tempera- 
ture, the first break takes place when its composition is about 
4H,0. 

The tetrahydrate does not appear to be formed when the hexa- 
hydrate is heated in the dry state, because then the first well- 
marked break occurs at about 2H,O. This would result if the 
vapour pressures of the hexahydrate and the tetrahydrate were 
not very different. 

It should be noted that some such method as the above is 
essential in determining the composition of hydrates other than very 
stable ones. Statements frequently used, such as that a hydrate 
begins to lose water at a particular temperature, passing into a 
lower hydrate, are most unsatisfactory, because all hydrates exposed 
to a dry atmosphere must lose water at all temperatures; apparent 
constancy of weight can only be obtained when the lower and 
higher hydrates have widely different vapour pressures. 

The crystalline di- and tetra-hydrates when heated to low red- 
ness become quickly converted into a fine, black, anhydrous 
chromium phosphate. 

When either the amorphous or the crystalline hexahydrate is 
left in a glass-stoppered bottle for a long time, the violet colour 
changes to green, with loss of water. The change in both cases 
is slow, but occurs more quickly with the amorphous than with 
the crystalline variety. 

Thus an amorphous violet specimen initially had the composition 
CrPO0,,6H,O, containing 42°4 per cent. of water; after two years, 
the resulting green powder was analysed and found to contain 
36°5 per cent. of water. A crystalline specimen of the violet 
hexahydrate, after the same time, contained 40°7 per cent. of water, 
and was quite green. The tetrahydrate would contain 32°9 per 
cent. of water, and it appears probable that this would ultimately 
be formed, although the change is incomplete after two years. 

The densities of the crystalline hydrates have been determined 
at 32°5°, benzene being used as the comparison liquid. The follow- 
ing is a summary of the twenty-five determinations made: 


CrPO,,6H,0 

It was found difficult to obtain the same result for the density 
of different samples of the anhydrous compound, that of a strongly 
heated product being always greater than that of one obtained at 
alow red heat. In order to determine whether the change was 
accompanied by any decomposition, a weighed quantity was heated 
for some time, when a loss in weight was observed, and the density 
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was found to have appreciably increased. At the same time, the 
black, crystalline powder became converted into a fine green one 
strongly suggestive of the presence of chromium oxide. The 
following is a summary of these experiments. 

Initial density of sample, 2°94. Specific volume, 0°340. 

Percentage Density. Specific 

volume 

Heated 1 hour in Bunsen burner “ 3-16 0-316 
Shours,, a . 3-29 0-304 

36 ,, ,, electric furnace at 1100° . 3-42 0-292 

36 ,, ,, draught gas furnace . 3-66 0-273 

50 4s » % 99 . 3-78 0-265 
Chromium oxide 5-14 0-195 

Since the density of an ordinary sample of ignited chromium 
oxide was found to be 5°14, it is suggested that these higher values 
are due to loss of phosphoric oxide, and this view was confirmed 
by an analysis of the product having a density of 3°66, which was 
found to contain P,O;=41°1, CrPO, requiring P,O;=48°3 per cent. 
If the percentage loss and specific volume are plotted, the relation 
is seen not to be linear, the specific volume corresponding with a 
small loss being much less than that calculated for a mixture of 
chromium phosphate and oxide in the proportion indicated by the 
loss of phosphoric oxide. 

Some of the green powder obtained by prolonged ignition was 
finely pulverised in an agate mortar, again ignited, and, after cool- 
ing in a desiccator, was shaken with methylene iodide (D 3°3), but 
no separation into chromium phosphate and oxide was observed. 
The change in the density may be due either to the formation of 
a basic phosphate or to an actual effect produced by heat alone 
on the density of the phosphate. In order to preserve a simple 
additive relation, anhydrous chromium phosphate would require a 
density of 3°55 to agree with the observed value (3°78) of the 
density of the product from which 11°7 per cent. of phosphoric 
oxide has been removed by heat. 

It may be noted that the density of chromium phosphate itself, 
calculated additively from those of chromium oxide and phosphoric 
oxide, is 3°29, which is greater than that found (2°94); the com- 
bination of chromium oxide and phosphoric oxide is therefore 
attended by a large increase in volume. 

A mixture of chromium phosphate and chromium oxide heated 
to low redness has the density required by the additive relation; 
thus, a mixture of 29°8 per cent. of chromium oxide (D 5:1) with 
70°2 per cent. of chromium phosphate (D 2°94) was found to have 
the density 3°36, the calculated value being 3°37. 


In the experiments dealing with the effect of heat on the 
anhydrous compound, an extraordinary loss in weight in the 
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Jatinum crucible was noticed. That platinum volatilises in a 
current of air is well known, and an account of a number of 
experiments was given by Hulett and Berger (J. Amer. Chem. Soc., 
1904, 26, 1512), and by Burgess and Waltenberg (/. Ind. Eng. 
Chem., 1916, 8, 487). The greatest loss in any case observed by 
these workers was 0°0034 gram per 100 sq. cm. per hour at 1200° 
with a platinum crucible containing 2°7 per cent. of iridium and 
using electric heating. The losses here referred to were about 
ffteen times as great as this, and were undoubtedly due to the 
gas heating. Thus, in one experiment, a crucible weighing 40 
grams and having a surface area of about 100 sq. cm. lost 0°6 gram, 
or 1'5 per cent., after heating for thirty-six hours in a gas furnace 
with a good draught at about 1100°. In another experiment, in 
which the empty crucible was heated, it lost 0°42 gram in twelve 
hours; in these two experiments, more than a gram of platinum 
was removed. The appearance of a platinum mirror on near 
objects, and the coarsely crystalline appearance of the platinum 
described by the above observers, was also noticed. When heated 
in a small electric furnace at 1100° with practically no air current, 
no loss in weight was observed after thirty-five hours’ heating. 


Amorphous, green chromium phosphate was prepared by pre 
cipitating a hot chrome alum solution with excess of disodium 
hydrogen phosphate, and washing repeatedly with boiling water 
until sulphate could not be detected—a very long operation. 

With a view to determine the hydration of the substance, it was 
placed in a moist state in a desiccator at the room temperature, 
when it rapidly lost weight until the composition was CrPO,,4H,O; 
it remained practically steady for some days, and was then heated 
to 60°, when a further loss of two molecules of water took place. 

When heated to dull redness, it was converted to brown, 
amorphous chromium phosphate ; the density of this substance was 
found to be 2°991, but it is possible that decomposition had started, 
as in the case of the crystalline variety; this, although only pro- 
a to a small extent, may have a marked effect in raising the 
ensity. 


Action of Reagents.—Tlhe hydrated forms dissolve in sulphuric 
and hydrochloric acids, the dihydrate being rather difficult to dis- 
solve in the latter. The anhydrous compound is very refractory, 
being insoluble in hydrochloric acid or aqua regia, and only 
attacked by sulphuric acid when nearly boiling. It is then con- 
verted into an earthy-coloured powder, insoluble in water and 
acids, which appears to be a compound of chromium phosphate 
and sulphate of indefinite composition. The hydrated forms dis- 
solve in strong alkalis, forming chromite solutions; the anhydrous 
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substance requires strong heating with lime to bring it into alkaling 
solution. Sodium carbonate solution immediately converts the 
violet hexahydrate into a green, basic compound retaining alkali, 
which cannot be removed by washing with water. Samples of the 
basic compound, after heating in the air, were found to contain 
sodium chromate. At the room temperature, chrome alum solu. 
tion soon turns the violet hexahydrate into a green, amorphous, 
hydrated phosphate, probably identical with that obtained by hot 
precipitation with excess of sodium phosphate. A considerable 
amount of this passes into solution, but is precipitated on dilution. 


At it appeared that anhydrous chromium phosphate lost phos 
phoric oxide on heating, it was thought worth while to compare 
this effect with the action of heat on chromium metaphosphate. 
This substance was prepared according to Maddrell’s method, by 
heating a solution of chromium hydroxide in excess of phosphoric 
acid for some hours at about 300°, a fine green powder being 
obtained, which was freed from phosphoric acid by boiling with 
water. The dry metaphosphate had a density of 2°93—practically 
the same as that of the orthophosphate—and, after being heated 
for some time over a Meker burner, it was found to have nearly 
the same value, namely, 2°96. On heating, it becomes brown, but 
regains its green colour on cooling. 

The relations between the various chromium phosphates is shown 
diagrammatically below: 


Amorphous violet hexahydrate Amorphous green tetrahydrate 
(precipitated cold) (precipitated hot) 


Crystalline violet 6H,O, Amorphous green? 4H,O > Brown anhydrous 
(2 days in contact with (incomplete in air at (low red heat) 
solution). room temperature in two rN 
years). 


y ¥ \ 


stalline green talline n stalline m Amorphous green 
O (boil with 2H,0 (boil vith 14H Ditwo von eh 4,0 (long contact 
water). acetic anhydride). room temperature with chrome alum, 
| | in air). sodium phosphate, 

| or water). 


Y 
Black anhydrous 
(low red heat). 


Green basic 
(strong heating). 
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Some Main Lines of Advance in the Domain 
of Modern Analytical Chemistry. 


A Lecture DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
Marcu 151Tu, 1917. 


By A. Cuaston CHAPMAN. 


AnatyticaL chemistry has often been referred to as the hand- 
maiden of the other branches of our science, and whilst this was 
an entirely unobjectionable description in so far as it implied 
indispensable assistance, it was a little unfortunate in that it 
carried with it a certain suggestion of inferiority. From the dawn 
of scientific chemistry in the seventeenth century to a period 
within the recollection of a good many chemists who are still 
happily among us, analytical chemistry was almost synonymous 
with chemistry itself, and it is only in comparatively recent times 
that it has become a separate branch of applied chemistry with 
its own literature, its own aims, and its own specialised prac- 
titioners. Whilst the division of chemistry into various separated 
branches became inevitable with the enormous development of 
the science, and had its obvious conveniences, the progressive sub- 
division of work has not been without its drawbacks, and even 
its dangers. That it has conduced to a narrowness of outlook 
and to a mental onesidedness is undeniable, and it is becoming 
increasingly difficult always to maintain a just sense of proportion 
to view facts in their true perspective and to keep a firm hold on 
fundamental principles. Of all the various members of the body 
chemical, perhaps none suffered more at first by this process of 
subdivision than analytical chemistry. During the first half of 
the last century, chemical analysis occupied a very high position, 
since not only was it clearly the foundation-stone on which the 
whole chemical fabric was built, but almost every chemist of dis- 
tinction practised it assiduously and devoted much of his time to 
a study of its problems. One need only recall in this connexion 
such names as those of Berzelius, Gay-Lussac, Marignac, Bunsen, 
Dumas, Stas, Liebig, and Wéohler. With the birth of modern 
organic chemistry and its colossal development during the past 
half-century—a development which, be it remembered, was largely 
dependent in the beginning on the analytical labours of Gay- 
Lussac, Liebig, Dumas, and other early workers in the field—the 
analytical branch of our science was gradually relegated to a com- 
paratively humble position. In the presence of this new and 


fertile field, in which every thrust of the spade served to bring 
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to light some discovery of the highest importance and of the most 
absorbing interest, it is scarcely to be wondered at that the great 
majority of chemists should have forsaken the older branch, and 
that the all-important foundation-stone should have tended to 
become regarded more and more as merely the useful handmaiden, 
That the lamp of analytical chemistry was kept well alight during 
the period in question, notwithstanding the superior attractions 
of organic chemistry, is evidenced by the epoch-making researches 
of Bunsen and Kirchhoff on spectrum analysis, by numerous 
records of observations on the qualitative electrolytic decomposition 
of metallic salts, on which the important brarch of electrochemical 
analysis was later on to be founded, chiefly by the labours of 
Classen and his students, and by the many investigations having 
for their object the perfection and simplification of methods of 
gas analysis. Last, but not least, I may mention in this con- 
nexion the establishment of the Fresenius Laboratory in Wies- 
baden in 1848, and a few years later (1862) the foundation of 
the Zeitschrift fiir analytische Chemie, the first journal, I believe, 
which was devoted exclusively to the interests of analytical 
chemistry. Our own Journal, The Analyst, did not appear until 
1877. 

Great as is the temptation, it is not my intention to deal at 
any length with the history of analytical chemistry during the 
latter half of the nineteenth century. I will merely content 
myself with remarking that at a certain point in that history the 
rate of progress in its scientific development had slowed down so 
considerably that any chemist taking a superficial survey might 
well have been justified in supposing that future advances would 
be restricted to improvements in existing methods and to the 
extended application of those methods to the solution of new 
technical and industrial problems. That new lines of progress 
would be opened up must have seemed highly improbable, and it 
is recorded that a certain distinguished German chemist went so 
far as to utter the dictum that analytical chemistry presented 
no further problems. My task this evening will be to indicate 
briefly a few of the main lines along which the scientific develop- 
ment of modern analytical chemistry has proceeded, and to deal 
—however inadequately—with what I conceive to be the main 
causes of its restoration to something of its old position as a living 
and progressive part of our science. Foremost among these causes 
has unquestionably been the almost unparalleled growth during 
comparatively recent years of that younger member of the chemical 
family—I mean physical chemistry. That a proper understanding 
of analytical chemistry, as of every other department of the science, 
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is dependent on a knowledge of those fundamental laws which it 
is the special province of physical chemistry to elucidate will 
appear to most chemists of to-day a self-evident proposition. Yet 
it was not until the publication of Ostwald’s ‘“‘ Wissenschaftlichen 
Grundlagen der analytischen Chemie” in 1894 that this all- 
important truth was presented to the chemical world, and not 
until some years later that it received anything like general recog- 
nition—at least in this country. To many generations of students 
chemical analysis had been taught as a useful art, consisting 
largely of a series of recipes which if followed conscientiously 
would usually lead to the desired result. Those recipes had often 
the authority of great names behind them, and so far as they 
went were admirable; but how many of those students were taught 
anything of the underlying principles, or were put by their teachers 
in a position to make for themselves such modifications of the 
orthodox processes as might at times become necessary? The 
result was to manufacture a body of more or less mechanical hand- 
workers, and if, as fortunately happened, a number of these showed 
initiative and developed originality, it was in spite of, rather than 
in virtue of, the instruction they had received. This state of 
affairs was, however, inevitable, since, as Ostwald has pointed out, 
it was only with the advent of the general theory of chemical 
reactions and states of equilibrium that it became possible to 
elaborate a theory of analytical reactions and to place analytical 
chemistry on a really scientific foundation. It was then the 
beneficent work of physical chemistry to infuse new life into 
analytical chemistry, to help to place it on a firm and wide basis, 
and to do much to remove the reproach that this branch of chemi- 
cal science, whilst representing a useful field of highly skilled 
manual labour, could scarcely be regarded as an_ intellectual 
occupation. 

In three main directions this revivifying influence has made 
itself felt during the past twenty years. In the first place, it has 
supplied the explanation of a vast number of facts which had 
been arrived at empirically, and are of the greatest importance 
to the analyst; in the second place, it has greatly stimulated and 
directed original research, and, finally, it has enriched analytical 
chemistry with a number of new appliances and has resulted in 
the introduction of many new methods of inquiry. 

Of all the theories of modern physical chemistry, none has had 
so far-reaching and important an effect on the development of 
analytical chemistry as those connected with the nature of solu- 
tion. It is not, in fact, going too far to say that the general 
adoption of these theories and their application to analytical pro- 
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cesses was the means of placing analytical chemistry for the first 
time on a really scientific basis. The years 1885, 1886, and 1887, 
which for chemists will ever be memorable for the publication of 
the great generalisations of van’t Hoff and Arrhenius, may justly 
be regarded as dates of outstanding importance in the history 
of analytical chemistry. To deal with this aspect of the subject 
at any length before an audience of chemists is quite unnecessary, 
That the theory of electrolytic dissociation has not met with 
universal acceptance is of little importance from this point of 
view, for I believe that even those chemists who regard it with 
the greatest disfavour would be inclined to admit that no other 
theory is able to explain so much or is capakle of welding the 
whole chaotic mass of analytical phenomena into such a coherent 
and harmonious whole. 

The manner in which it has contributed to the building of a 
serviceable, if not complete, theory of indicators, and its helpful- 
ness in explaining the phenomena of electrolysis, hydrolytic dis- 
sociation, and mass action, are too well known to need more than 
a passing reference. 

As a furthér instance of the fruitfulness of this concept and of 
its value to analytical chemistry I may mention the application 
of the conductivity method to the determination of the point of 
neutrality of liquids. This method, first suggested by Kiister and 
Griiters in 1903, has since received a considerable amount of 
attention at the hands of a great many workers, and the numerous 
contributions to the subject by Sérensen, Michaelis, and others 
represent a storehouse of very valuable information in connexion 
with the applicability of certain indicators to special purposes, 
the preparation of solutions of standard reaction, and the electro- 
metric measurement of hydrogen-ion concentration. This work, 
which is undoubtedly capable of further development, has already 
proved of very great value in the investigation of certain bio- 
chemical problems, and will, no doubt, find extended application 
in the wider field of technical analysis. 

In further exemplification of the close and fruitful connexion 
between physical chemistry and analytical chemistry, I may just 
refer to the vast amount of work which has been done during 
comparatively recent years in connexion with the colloidal state 
of matter and in the study of catalytic phenomena. 

As showing, moreover, how some of the more recondite physical 
properties of matter may prove to be of practical importance to 
the analyst, I may perhaps be permitted to refer to the papers 
which I have published alone or in collaboration with H. D. Law 
on the reducing action of hydrogen in its relation to analytical 
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processes. In those papers it has been shown that much depends 
on the nature of the metallic surface from which the hydrogen is 
evolved. Thus, certain specimens of zinc which, owing to the 
presence of small quantities of impurities, are useless for the pur- 

of detecting and estimating minute traces of arsenic by the 
modified Marsh-Berzelius method, can usually be made suitable 
by coating the zinc with pure cadmium, thus producing a surface 
from which the hydrogen is evolved in a state of higher chemical 
activity. 

In the same way, when an electrolytic method of estimating 
traces of arsenic is employed, much greater sensitiveness is obtained 
by using a lead or a cadmium rather than a platinum cathode. 
It is, of course, tolerably certain that the reducing efficiency of 
hydrogen, whether obtained by the interaction of metal and acid 
or by an electrolytic process, is dependent upon a number of 
factors, partly chemical and partly physical, and that the reactions 
aré, in point of fact, very complex. There can, however, be very 
little doubt that among these factors the question of “ potential” 
or “overvoltage”’ plays a prominent and important part. 

The effect of employing cathodes of different metals in the 
reduction of arsenious oxide is shown by the following results: 


Arsenious Arsenious 
oxide oxide 
Cathode. " found. left in flask. 


Nickel... eee 
Platinum (black) 
Tron eee eee 

From this it will be seen that even the overvoltage of metals—a 
subject which at first sight might appear to be mainly of academic 
interest—has, in fact, a very direct and important bearing on 
some of the everyday operations of the analytical laboratory. 

Time forbids that I should deal at any greater length with this 
side of the intimate relationship existing between these two 
branches of our science, and I will now refer briefly to the service 
rendered by physical chemistry in the direction of increasing the 
analyst’s equipment and of multiplying his means of attack. 

To the balance, the microscope, and the spectroscope there have 
been added from time to time a number of other physical instru- 
ments, some of which have revolutionised many of the older 
branches of analytical chemistry and have even been the means 
of giving birth to new ones. Whilst in its cruder forms the 
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polariscope goes back to the beginning of the last century, or even 
beyond, the modern polarimeter is of comparatively recent birth, 
and since the introduction of the Jellet instrument about 1860, 
the labours of physicists and opticians have been almost con. 
tinuously devoted to the perfecting of this highly important 
analytical appliance. Without it, carbohydrate analysis would 
to-day have been in a very different position, and many of the 
problems which confront the analyst in connexion with the sugar, 
starch, confectionery, essential oil, and brewing industries would 
have been impossible of solution. In addition to these main 
applications of the polarimeter, there are many others of less 
importance, and new ones without doubt remain to be discovered. 

Next perhaps in importance comes the refractometer, an instru- 
ment which finds wide and ever-increasing application in the 
analytical laboratory. What the polarimeter is to carbohydrate 
analysis the refractometer is to the analysis of fats and oils, and 
its assistance has been successfully invoked in the examination of 
brewing materials, milk serum, sugars, methyl and ethyl alcohols, 
glycerol, and many other natural and artificial products. 

The calorimeter in all its forms and with all its modern refine- 
ments, as well as the various mercurial, resistance, and thermo- 
electric heat-measuring instruments, represent another section of 
what, for want of a better term, may be called analytical pro 
cedure, for the development of which the chemist is chiefly 
indebted to the physicist. 

In addition to these physical instruments of almost everyday 
use, passing reference may be made to modern spectrographic 
apparatus, appliances for the determination. of electrical con- 
ductivity, instruments for the measurement of colour and of 
turbidity, and, lastly—and of most recent introduction—apparatus 
suitable for making estimations of radioactivity. 

I think I have said enough to show the general nature of the 
relationship existing between physical and analytical chemistry, 
and to indicate one of the main lines along which the latter 
branch of our science has advanced during comparatively recent 
years. Such indeed is the intimacy of the connexion that, as new 
discoveries are made by physical chemists, they will almost inevit- 
ably be utilised in the consolidation or extension of that great 
field of analytical chemistry in which so many of us are proud 
to labour. 

I will now turn for a brief space to another side of my subject. 
If organic chemistry by its rapid growth, vast importance, and all- 
compelling interest was responsible for the temporary neglect of 
analytical chemistry at one stage of its history, it has since made 
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ample amends by furnishing the analytical armoury with a number 
of very important weapons. If it has presented to the analyst 
innumerable problems of the highest importance, it has also sup- 
plied in many cases the means for their solution. To speak more 
plainly, it has been found during recent years that many of the 
more or less complex products of the organic laboratory are, in 
fact, very valuable analytical reagents, and that by their use old 
problems may often be better solved and new ones successfully 
attacked. 

One of the earliest of these was phenylhydrazine, by the dis- 
covery of which in 1878 E. Fischer placed in the hands of chemists 
a reagent which is now almost as necessary in the analytical as 
in the purely organic laboratory. In qualitative analysis, it is 
only necessary to refer to the application of the osazone reaction 
to the identification of the various sugars, a problem the difficulty 
of which is only equalled by its importance, whilst in quantitative 
analysis it has a large sphere of usefulness in the estimation of 
aldehydes and in the quantitative examination of compounds con- 
taining the carbonyl, nitroso-, and nitro-groups. In addition to 
phenylhydrazine itself, considerable use has been found for some 
of its substituted derivatives, such as s-phenylmethylhydrazine, 
s-diphenylhydrazine, and the pbromo- and p-nitro-compounds. In 
this connexion, reference may also be made to #-naphthyl- 
hydrazine, a substance which Ekenstein and Lobry de Bruyn have 
shown to be of great service in the recognition and separation of 
certain carbohydrates and for the estimation of vanillin, and to 
semicarbazide, a substance which has proved so useful in the isola- 
tion and identification of the aldehydic and ketonic constituents 
of many essential oils. 

As further examples of organic compounds which have been 
successfully applied to the identification and estimation of organic 
substances of technical importance, mention may be made of 
phloroglucinol, digitonin, picric acid, and picrolonic acid. The 
estimation of pentoses and pentosans in certain foodstuffs and in 
many agricultural products is often a matter of importance, and, 
as is well known, the method almost invariably adopted consists 
in distilling the substance under investigation with hydrochloric 
acid and estimating the furfural in the distillate. For this pur- 
pose, phloroglucinol, which forms with furfural a sparingly soluble 
compound—the so-called phloroglucide—is often made use of. In 
the same way, methyl-pentoses and methyl-pentosans can be 
estimated as the corresponding phloroglucinol compound. Further 
than this, the difference in the solubility in alcohol of the two 
phloroglucides affords a means for the approximate separation of 
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the pentoses (for example, arabinose and xylose) and the methyl. 
pentoses (for example, rhamnose and fucose). 

In 1910 Windaus made the discovery that one molecule of 
cholesterol is capable of uniting with one molecule of digitonin to 
form a compound of high molecular weight (CgoHj4 09) which is 
very insoluble, and can consequently be conveniently employed for 
the estimation of the former substance—a matter of considerable 
importance to physiological and occasionally to technical chemists. 
Since digitonin also forms a similarly insoluble compound with 
phytosterol, it has been employed for the purpose of obtaining 
either or both of these alcohols in a pure condition prior to con- 
verting them into their acetates, as in the ordinary Bémer test, 
In this way, the detection of vegetable oils in oils of animal origin, 
or vice versa, is much facilitated. 

The extensive use made of picric acid for the identification, and 
occasionally for the estimation, of alkaloids and other bases is too 
well known to need more than a passing reference, and more 
recently picrolonic acid (dinitrophenylmethylpyrazolone) has been 
employed for the same purpose. The picrolonates are in some cases 
less readily soluble than the corresponding picrates, crystallise well, 
and are often very characteristic. The importance of adding to 
our means of identifying such substances as arginine, histidine, 
lysine, guanidine, and other physiologically important bases will 
be obvious to all who have followed the developments of modern 
biochemistry. 

It will be seen that the instances I have given above are all 
cases in which one organic compound has been made use of for 
the identification or estimation of another. I will now refer to 
a more interesting and, in a sense, more significant application of 
certain organic compounds, namely, to the detection and estima- 
tion of what may be conveniently described as the simpler inorganic 
acids and bases. 

One of the earliest of these is the m-phenylenediamine test for 
nitrous acid, for which we are indebted to Peter Griess. Already 
in 1870 Griess had recommended the use of one of the diamino- 
benzoic acids for the detection of nitrous acid, and in 1878 he 
proposed the use of the above reagent as being much more sensitive, 
and the method was worked out on the quantitative side about 
the same time by Preusse and Tiemann. In the following year 
Griess published a further paper, in which he recommended for 
the same purpose the use of a mixture of sulphanilic acid and 
a-naphthylamine—a method which is occasionally ascribed to 
llosvay, who merely recommended the substitution of acetic acid 
for a mineral acid as the acidifying medium. 
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Another well-known colorimetric method for the detection and 
estimation of minute quantities of nitrous and nitric acids is due 
to Lunge, and involves the employment of diphenylamine. 
Although, unfortunately, not specific, it has proved of the greatest 
service in the estimation of minute traces of nitrogen acids in 
sulphuric acid, milk, and other technical products. 

A good many other organic compounds, such as phenolsulphonic 
acid and resorcinol, have been recommended at various times for 
the detection and estimation of nitrates and nitrites, but it will 
not be necessary to refer to these in any detail. it will, of course, 
be readily understood that the nature of my subject—even if time 
permitted—renders it unnecessary for me to deal by way of illus- 
tration with more than a few of the instances in which organic 
compounds have been pressed into the service of this branch of 
general analytical chemistry, and I shall confine my attention to 
those methods which have been very thoroughly tested and have 
been elevated to the rank of standard processes. 

Whilst dealing with the estimation of commonly occurring 
inorganic acids, mention may be made of the benzidine method for 
sulphuric acid and the use of “ nitron” for the estimation of nitric 
acid. The former method, which owes its origin to W. Miiller, 
depends on the fact that benzidine sulphate is almost entirely 
insoluble in cold water in the presence of an excess of benzidine 
hydrochloride, and since the method is a volumetric one, it possesses 
the advantage of rapidity. 

Notwithstanding that it has been studied and recommended for 
special purposes by such experienced workers as Raschig and 
G. v. Knorre, it is obviously very unlikely that any organic com- 
pound will ever replace barium as a general reagent for the estima- 
tion of sulphuric acid. I have referred to this method rather in 
the hope that it may stimulate investigation in this direction, since 
the occurrence of an insoluble sulphate of an organic base, and 
still more the discovery of an insoluble nitrate, such as is referred 
to below, render it probable that similar insoluble salts, suitable 
for analytical purposes and possibly representing some well-defined 
advantages over existing methods, still remain to be discovered. 

In 1905, in the course of an investigation of the endo-imino- 
triazoles, Busch observed that these bases are characterised by the 
formation of very sparingly soluble nitrates. By a fortunate 
chance, it happened that the most readily prepared of these com- 
pounds, namely, 1:4-diphenyl-3:5-endo-anilo-4 : 5-dihydro-l : 2:4- 
triazole, was the one which gave a nitrate possessing the highest 
degree of insolubility. One molecule of this base unites with one 
molecule of nitric acid, giving a compound of the formula 
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C.pHgN,,HNOs, and it is capable of giving a precipitate in a solu. 
tion containing as little as 1 part of nitric acid in 80,000 parts of 
water. 

This base, which can be obtained commercially under the more 
easily remembered and more euphonious name “ nitron,” is very 
easily employed as a reagent, and furnishes us for the first time 
with a means of making a direct gravimetric estimation of nitric 
acid. It has been applied with success to the estimation of nitrates 
in water and in a considerable number of commercial products, 
such as natural nitrates, nitrocellulose, soils and plants, and is 
particularly well suited for the estimation of nitrates in liquids 
containing much organic matter. It has also been found that the 
method is applicable to the estimation of picric acid, since 1 part 
in 250,000 parts of water gives a precipitate of the “nitron” 
picrate. The discovery of unexpectedly useful properties, such as 
the insolubility of this nitrate—and many other striking examples 
might easily be quoted—adds a great attraction to the study of 
pure, synthetic organic chemistry. 

I will now pass for a few moments to the application of organic 
compounds to the quantitative separation and estimation of many 
of the commoner and some of the rarer metals. 

One of the first substances to be used for this purpose, and one 
which is susceptible of somewhat wide application, is nitroso-6- 
naphthol, which has been very thoroughly studied by G. v. Knorre 
and his colleagues. It has been found, for example, that by the 
use of this reagent nickel may be separated from cobalt; iron from 
aluminium; copper from cadmium, magnesium, manganese, zinc, 
mercury, and lead; iron from manganese, zinc, nickel, and 
chromium; iron from glucinum; copper, iron, and cobalt from 
antimony and arsenic; and iron from zirconium. 

Many of these separations can be effected with ease and with 
accuracy, the metallic derivatives of the nitroso-8-naphthol being 
easily dealt with, and being, of course, readily converted by igni- 
tion into the corresponding oxides. The copper compound has the 
formula (NO-C,,H,°O),Cu. 

m-Nitrobenzoic acid has been successfully used for the quantita- 
tive separation of thorium from cerium, lanthanum, and didymium 
in the analysis, for example, of monazite sands, whilst palladium 
can be readily separated from platinum and other metals of the 
platinum group by means of acetylene. 

De minimis non curat may be true of the law, but it certainly 
is not true of modern chemistry, which in certain directions i 
almost coming to be regarded as the chemistry of traces. The 
importance to the physiological chemist, to the metallurgical 
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chemist, and to the food chemist of being able to detect with 
certainty small traces of substances is well recognised, and peculiar 
interest therefore attached to Tschugaev’s observation in 1905 that 
dimethylglyoxime constitutes a delicate test for nickel. He 
showed, in fact, that it was capable of detecting 1 part of the 
metal in more than 1,000,000 parts of water, and of affording 
certain indications, even when cobalt was present to the extent of 
5,000 times that of the nickel. The reaction may be represented 
by the following equation: 
2C,H,O,N, + NiCl, + 2NH;=(C,H,;O.N,).Ni+ 2NH,Cl. 

This method has been very thoroughly investigated by many 
chemists, some of whom have introduced modifications with the 
object of increasing its sensitiveness. Thus, it has been quite 
recently stated that, by the adoption of certain modifications, as 
little as 0°02 milligram can be readily detected in 50 c.c. of solu- 
tion, whilst some years ago Armit and Harden stated that they 
were able, when working with pure nickel sulphate, to detect as 
little as 0°001 milligram in 30 c.c., whilst 0°003 milligram gave a 
very marked pink colour in that volume of liquid. 

As a reagent for the colorimetric estimation of traces of nickel, 
dimethylglyoxime possesses very great and obvious advantages over 
the ammonium sulphide method. The coloration is more character- 
istic, traces of iron do not interfere, and the method is, of course, 
much more sensitive. 

As a means of estimating nickel in alloys, particularly in the 
presence of cobalt, zinc, and iron, this method has proved exceed- 
ingly useful, being rapid and possessed of a tolerably high degree 
of accuracy. 

Another oxime, namely, a-benzildioxime, originally described by 
Tschugaev, has been recommended by Atack for the qualitative 
detection of nickel and for its estimation. It forms an intensely 
red nickel compound having the formula C,,H,.0,N,Ni, containing 
only 10°9 per cent. of nickel. It is even more sensitive than 
dimethylglyoxime, and it has been stated that with this reagent 
1 part of nickel in 10 million parts of water can be detected. Like 
dimethylglyoxime, it has been recently utilised for the detection 
of traces of nickel in hardened edible fats, in which nickel has 
been used as a catalyst. When working on 50 grams of the fat, 
1 part of nickel in 5 million parts of the fat can be detected. It 
is of interest to note, in passing, that the B-isomeride does not yield 
the nickel reaction. 

Another organic compound utilised during recent years for the 
estimation of nickel is dicyanodiamidine. This reagent, which was 
originally recommended by Grossmann in 1906, is used in the form 
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of the sulphate, and the nickel compound, which is a well-crystal. 
line, yellow substance, has the composition Ni(C,H,ON,),,2H,0. 
By the use of this reagent, nickel may be separated from cobalt, 
iron, chromium, zinc, and other metals, and, given suitable con- 
ditions, may be estimated with a high degree of accuracy. It has, 
in fact, been used very largely, particularly in Continental labora- 
tories, for the analysis of German silver, commercial nickel, nickel 
steel, and other alloys. Although it is not by any means as sensi- 
tive as either of the two above-mentioned reagents, it is said to 
be capable of detecting 0°5 milligram of nickel in the presence of 
as much as 1 gram of cobalt. 

The above methods for the estimation of nickel are of great 
technical importance, since the precipitates are crystalline and 
form readily at the ordinary temperature. They can be filtered 
with ease, they are of constant composition, and the percentages 
of nickel are not high. The employment of these more or less 
complicated organic reagents is, as I have indicated, of compara- 
tively recent introduction, and it is not too much to hope that 
similarly serviceable methods will be discovered for the separation 
and for the rapid and accurate estimation of other closely allied 
elements. 

In 1909 Baudisch discovered that the ammonium salt of nitroso- 
phenylhydroxylamine (C,H,-N[NO]‘ONH,) was capable of being 
used for the quantitative precipitation of iron and of copper, and 
for the separation of these metals from a number of others with 
which they are frequently associated in practice. This substance, 
to which the simpler name “ cupferron” has been applied, has been 
found to be capable of somewhat wide application, and has proved 
a valuable addition to our laboratory reagents. 

Ferric iron is precipitated completely in cold solutions contain- 
ing hydrochloric, sulphuric, or acetic acids as the compound 
(C;H,"N[NO]-O),Fe, and may readily be separated from aluminium, 
chromium, and indeed from most other of the common metals, 
including, by a special process, even copper. 

The method has proved useful for the separation and estimation 
of iron in a number of commercial products, and R. Fresenius, who 
has submitted it to a critical study, states that the separation of 
iron and aluminium can be carried out more conveniently and 
with greater accuracy by the use of this substance than by any 
other gravimetric method. 

I do not propose to enter into any details of the various separa- 
tions effected by this reagent, but will confine myself to pointing 
out that by its aid copper may easily be separated from cadmium, 
zinc, and many other metals, and that both titanium and zirconium 
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may be separated from iron and from aluminium. The titanium 
compound is a bright yellow substance having the formula 
(C,H,"N[NO]-O),Ti. 

As an example of the degree of accuracy which may be reached 
in these separations, it may be pointed out that, when quantities 
of iron varying from 0°03 gram to 0°3 gram were precipitated in 
the presence of quantities of aluminium and chromium equal to 
fifty times the weight of iron present, the error rarely exceeded 
+0°2 milligram. I mention this detail merely for the purpose of 
showing that in the case of these complex organic reagents, the 
many advantages which are frequently obtained are not necessarily 
secured at the expense of accuracy. 

I think I have dealt at sufficient length with this division of 
my subject, and I will now turn for a few moments to the con- 
sideration of a third main line of advance, namely, that concerned 
with the utilisation of what may be conveniently called biological 
methods. In the future we may succeed in synthesising enzymes 
and even precipitins, but that day is not yet, and for some time 
to come we must remain dependent on the activity of the living 
organism for the reagents to which I am now referring. 

With the mechanism of enzyme action we are not now concerned. 
What is of importance from the analytical point of view is its 
specific character. To such an extent is this the case that the 
enzymes are actually capable of discriminating between certain of 
the carbohydrates and their optical isomerides. Thus, d-glucose, 
dmannose, d-fructose, and d-galactose are fermentable by yeast, 
whilst their optical isomerides are unfermentable. 

In order that a given sugar other than the four above mentioned 
may be fermented, it is essential that the yeast employed should 
contain the enzyme necessary for its conversion into one or other 
of those hexoses. Now yeasts of different species do not all contain 
the same enzymes, and it happens, therefore, that a certain species 
of yeast may be capable of fermenting one carbohydrate and 
incapable of fermenting another. 

Of the various enzymes, invertase is one of the most widely 
distributed among the saccharomycetes, and consequently the great 
majority of yeasts are capable of fermenting sucrose. On the other 
hand, lactase occurs in only a comparatively small number of 
species, and consequently a great many yeasts, including the 
ordinary brewers’ yeast, are incapable of fermenting lactose. 

The following table may be of interest as showing at a glance 
the behaviour of certain of the yeast species towards several of the 
more commonly occurring sugars: 
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Dex- Fruc- Man-Galac- Malt- Sucr- Lap. 

Yeast. trose. tose. nose. tose. ose. ose. 
Sacch. cerevisiae ... + +- 
Sacch. cerevisiae, Carlsberg 4- 
Sacch. Pastorianus i 
Sacch. ellipsoideus 
Sacch. Marxianus ... 
Sacch. exiguus 
Sacch. Ludwigii 
Sacch. anomalus 
Sacch. fragilis 
Kefir ua 


TH+t+++4+4++4+ 
++tt++4++444 
etoot+++++ 
ecooooot+s+s++ 
++ 2SOCCOSee 


The sign + indicates that the yeast in question is capable, and 
the sign 0 that it is incapable, of bringing about fermentation. 

The secretion of any particular enzyme appears to be a very 
constant attribute of a given species, and it has not been found 
possible by varying the nature of the food supply or the general 
environment of a given species to cause it to secrete other enzymes 
than those normally present. It is this constancy of enzyme pro- 
duction and this selective character that render certain of the 
yeast species so useful to the analyst, enabling him to arrive at 
the composition of complex carbohydrate mixtures, the analysis 
of which would be impossible by any other means. 

The method is clearly one which must be applied with caution, 
and it demands, moreover, some biological training on the part of 
the operator. The technique, however, is not difficult, and at the 
present day the majority of analytical chemists, particularly those 
who are concerned with the analysis of foodstuffs, realise that a 
certain amount of training in elementary bacteriology is a necessary 
part of their professional equipment. 

It will, of course, be clear that, in addition to yeasts, other 
organisms which secrete enzymes, such as moulds, may be utilised 
for analytical purposes, and the preparation of Taka-diastase from 
Aspergillus oryzae is an illustration in point. Torule, again, have 
recently been pressed into the service, since some of these, unlike 
the yeasts, do not contain any invertase, and so are capable of 
fermenting away dextrose and fructose, leaving sucrose unattacked. 
Biological methods such as I am now referring to are in everyday 
use in the analysis of many sugar products, such as commercial 
glucoses and invert-sugars, and find extensive employment in the 
analytical examination of complex carbohydrate mixtures such as 
many of the prepared foods intended for infants and for invalids. 

As one further example of the usefulness of this method, it may 
be pointed out that, whilst the top yeast as obtained in English 
breweries converts raffinose into fructose and melibiose, the bottom 
yeast as obtained in Continental breweries, which contains meli- 
biase as well as invertase, converts it into fructose, galactose, and 
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dextrose, that is to say, into completely fermentable products. It 
is therefore possible by employing these two types of yeast, and by 
making a simple polarimetric observation, to estimate the amount 
of rafinose present in a mixture of sugars—a problem which only 
a few years ago would have been considered impossible of solution. 

Another “analytical” method of a more definitely biological 
character, but one which has already shown itself to be of great 
practical importance, is that depending on the “ precipitin” reac- 
tion—a reaction which permits of the identification of so-called 
homologous proteins and their differentiation from others which 
they resemble so closely that they are indistinguishable by purely 
chemical means. The principle underlying the method is that if a 
solution of any given protein be injected into the blood of an 
animal, the blood serum of that animal will produce a precipitate 
with an infusion containing the particular protein injected, but 
not with any other. Thus, if horse-blood serum be injected into 
a rabbit, the serum of the rabbit’s blood will produce a precipitate 
when added to an extract of horseflesh, but not with an extract 
of any other kind of flesh. It thus becomes possible by means of 
this method to identify horseflesh in mixed foodstuffs, such as 
sausages. It is also possible to detect small quantities of castor 
seeds in feeding cakes, to distinguish between hen-egg albumin and 
the albumin of the eggs of other birds, between the milk of one 
animal and that of another, between genuine and artificial honey, 
and even, so it is stated, between the seeds of two-rowed and of 
six-rowed barley. The importance of the reaction for the identifi- 
cation of human blood in medico-legal investigations is well 
recognised. 


I have now touched on a few of the main lines along which 
analytical chemistry has advanced during recent years, and have 
endeavoured to show that, so fac from being the exhausted and 
lethargic handmaiden, it is, in fact, as alive, as progressive, and as 
originative of research as any other branch of our science. That 
this is not always fully realised, and that there has been—and is 
éven now in some quarters—a tendency to regard analytical 
chemistry merely as a useful art and its practitioners as highly 
skilled labourers, is unhappily the case. That there are here and 
there a few analysts to whom that description might be correctly 
applied is undoubtedly true, but the same is, of course, equally true 
of the medical and other professions. 

The analytical chemist of to-day is, in fact, being continually 
faced with new problems that frequently demand for their solu- 
tion the possession in a high degree of those special qualities of 
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intellect and character which go to make the successful invest. 
gator in the domain of pure chemical science. For many chemical 
consultants life is a continuous series of technical problems, and 
I am not indulging in any exaggerated language when I say that 
the really successful consulting and analytical chemist must not 
only have a good general scientific training, an extensive know- 
ledge of general chemistry, and a genuine love of his work, but he 
must be mentally alert and adaptable and possess the aptitude for 
research in a high degree. 

With regard to the teaching of analytical chemistry, there is 
much that 1 should like to sey if time permitted, and in particular 
I should like to plead again for the establishment in our universi- 
ties and university colleges of chairs of analytical chemistry. I 
have already dealt with this subject at some length in an address 
to another society, and perhaps I may be allowed, in concluding, 
to quote the following remarks from that address: 

“Having very briefly touched on the nature and extent of the 
scientific equipment needed for the successful practice of analytical 
chemistry, we may reasonably inquire whether the training which 
our young professional chemists obtain is such as is calculated to 
insure the best results. Whilst there may possibly be some differ- 
ence of opinion as to the precise position which a study of chemical 
analysis should take in the training of the chemical teacher, there 
can surely be none as to its supreme importance in the training 
of the professional chemist. In the great majority of cases it is 
the actual instrument by which, directly or indirectly, he is to 
earn his livelihood, and in every case it must tend to produce (if 
properly taught as a living subject and not as a mass of tedious 
prescriptions and formulas) a deeper insight into the nature of 
chemical reactions, an appreciation of the influence of mass and 
other disturbing factors, and a recognition of the importance of 
attention to minute detail. In addition to this, it affords endless 
opportunity for the acquirement of dexterity in constructing and 
manipulating scientific appliances, and in all these ways renders 
invaluable service in the making of the successful technical 
chemist. Now, if all this be true—and I do not see how it can 
be denied—analytical chemistry ought clearly to take an out- 
standing position in our universities and university colleges, as it 
is from them that, more often than not, thé young chemist proceeds 
directly to the practice of his profession. Unfortunately, the posi- 
tion which it takes in those institutions is not, as a rule, a high 
one, nor one at all commensurate with its importance. I believe 
I am correct in saying that in no university in this country does 
a chair of analytical chemistry exist, and that a subject which is 
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admitted'y of such great importance is entrusted to teachers who, 
however well qualified and capable they may be, have, as a rule, 
to teach it, if I may use the expression, incidentally. . . . 

“So large a subject, and one which is in constant process of 
development, might well, it seems to me, be entrusted to a specially 
appointed professor, who would have the opportunity of keeping 
himself fully abreast of the developments of his subject, and who 
would have the time to deal with it in a manner practically 
impossible under the existing conditions. Such chairs of analytical 
chemistry exist in very many of the more important American 
and Continental universities, and it can scarcely be contended 
that what has been found desirable in so many other parts of the 
civilised world is unnecessary in Great Britain. Chairs of 
analytical chemistry, for example, exist in Yale, Virginia, Johns 
Hopkins, Cornell, and Columbia Universities, to name only those 
of which I know, and I believe I am correct in saying that in 
Columbia University there are no fewer than three such pro- 
fessors. In many of the university prospectuses great emphasis 
is laid on the importance of analytical chemistry, and from one 
of the Yale calendars I cannot refrain from quoting the follow- 
ing words: ‘There is probably no branch of chemical study as 
important as qualitative analysis in its use in developing the 
reasoning faculties and enabling the student to generalise and to 
classify chemical phenomena.’ In Heidelberg, Munich, Leipzig, 
Wiirzburg, and other German universities, in the Imperial tech- 
nical high schools at Stuttgart, Vienna, and elsewhere, such 
chairs exist, as well as at Upsala, in most of the Swiss and Belgian 
universities, and in some of the Italian. In regard to France and 
one or two other countries I have no definite information, but I 
think I have said enough to establish my point—that in many of 
the world’s leading universities the teaching of analytical chemistry 
is entrusted to a specially appointed professor, who takes equal 
academic rank with his other chemical colleagues. Even when 
this is not the case, assistant professors or special assistants are 
frequently appointed to deal solely with this branch of chemistry. 
It clearly cannot be objected that it has not been our custom 
in this country to appoint professors to deal with special branches 
of chemistry, since in some of our colleges chairs exist devoted 
to physical chemistry, biochemistry, tinctorial chemistry, fuel 
chemistry, brewing chemistry, agricultural chemistry, technical 
chemistry, and metallurgy. 

“Tam not foolish enough to imagine that the establishment of 
chairs of analytical chemistry in all or any of our universities 
and colleges would bring forth a new heaven or a new earth, but 
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at least it is certain that this highly important branch of chem. 
istry would be taught under better conditions than those which 
in many cases exist at present. The teachers, being in a position 
to devote themselves entirely to their special branch of instruc. 
tion, would be able to give more time and attention to the 
student, and surely in no branch of chemistry is close and constant 
supervision of practical work so necessary. They would also have 
the time to make themselves thoroughly conversant with their 
subject in both its theoretical and practical aspects, as well as 
to keep in touch with modern developments, and their labora- 
tories might even become in process of time centres of original 
work in a department of our science in which research has been 
for so long neglected.” 


Since the above was written, some signs of progress auguring 
well for the future have been observable. That analytical chem- 
istry is in a condition of vigorous growth I have endeavoured to 
show, and that it may continue to flourish exceedingly must be 
the earnest wish of every member of this Society. ll the 
branches of our science are reciprocally reactive and closely inter- 
dependent, and on the progress of British chemistry as a whole, 
and on the position which it holds in the national esteem, the 
future of this country, and indeed of the Empire itself, will to 
no small extent depend. May our rulers and our people be wiser 
in the future than they have been in the past. 


XXIV.—The Nitration of Isomeric Acetylamino- 
methoxybenzorie Acids. 


By Joun Lionet Simonsen and Mapyar Gopara Rav. 


REcENTLY, Gibson, Simonsen, and Rau (this vol., p. 69) gave an 
account of the nitration of 2-acetylamino-3 : 4-dimethoxybenzoic 
acid and 3-acetylaminoveratrole, and since the results obtained 
appeared to throw light on the problems of substitution in the 
benzene nucleus, we have thought it desirable to extend these 
experiments to the study of simpler acids. It was there (Joc. cit., 
p. 73) observed that the directing influence of a methoxy-group 
was much intensified by the juxtaposition of the positive acetyl- 
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amino-group, the exact opposite of what occurs when a negative 
group, such as the carboxyl group, is in that position. 

In order to determine whether this should prove to be the case 
on the nitration of other acids, we have investigated the nitra- 
tion of the four isomeric acids: 3-acetylamino-2-methorybenzoic 
acid (1), 5-acetylamino-2-methoaybenzoic acid (VII), 4-acetylamino- 
3-methorybenzoic acid (XV), and 3-acetylamino-4-methoxybenzoic 
acid (XIX), and the results form the subject of the present com- 
munication. It will be observed that in the acids selected the 
acetylamino-group is in either the ortho- or para-position with 
respect to the methoxy-group, whilst, except in the case of 4-acetyl- 
amino-3-methoxybenzoic acid, the methoxy-group has, in addition, 
a carboxyl group in similar positions. We had hoped to include 
also 2-acetylamino-3-methoxybenzoic acid and _ 6-acetylamino-3- 
methoxybenzoic acid, but unfortunately these two acids could not 
be obtained in sufficient quantity. 


NHAc NH, 
/\oMe —> NO, SOMe 


Tv | 
CO,H CO,H 
fr ven = 


(I.) (IL.) 
(10 per cent.)* (42-8 per cent.) (40 per cent.) 


: oMe _ 4 \oMe /\oMe 
NHAc. //CO,H aay | NH, /00,H NH, \/ 
(VII.) (VIII.) (LX.) (X.) 

(68 per cent.) (7 per cent.) (22 per cent.) 


CO,H 


(X III.) 


e. These percentages are calculated from the total amount of nitroamino 
acid obtained. 
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OMe OM- OMe OMe 
—> NH) NBAc/~\ 
\7 A= 
No, Xo, 
(XVIL.) (XVIII) 


(100 per cent.) 


! 
OMe’ \ 


NHAc\ }CO,H 
(XIX.) (XX.) 
(100 per cent. ) 


As will be seen by a consideration of the above diagrammatic 
representation of the results obtained, our previous views receive, 
on the whole, confirmation. 4-Acetylamino-3-methoxybenzoic acid 
(XV) yields mainly 6-nitro-4-acetylamino-3-methoxybenzoic acid 
(acetyl derivative of XVI), a small quantity of 4 :5-dinitroaceto- 
anisidide (XVIII) being formed as a by-product. It is clear that 
the methoxy-group is the sole orientating influence, its action being 
intensified by the acetylamino-group in the ortho-position with 
respect to it. With 3-acetylamino-4-methoxybenzoic acid (XIX), 
the methoxy-group appears to be completely neutralised by the 
carboxyl group in the para-position, and the main product is 
6-nitro-3-acetylamino-4-methoxybenzoic acid (acetyl derivative of 
XX), the nitro-group having entered the para-position with respect 
to the acetylamino-group. At the same time, a small amount of 
dinitro-products is formed, which consist in the main, as was to be 
anticipated, of 4:5-dinitroaceto-o-anisidide (XVIII). 

The nitration of 3-acetylamino-2-methoxybenzoic acid (I) and 
5-acetylamino-2-methoxybenzoic acid (VII) proceeded in a much 
more complex manner, and the six possible isomeric nitro-acids 
were formed. This result was to be expected from the position 
of the methoxy-group; it will, however, be observed from a con- 
sideration of the percentage yields of the products that the 
methoxy-group appears to exercise relatively little influence, and 
is almost completely neutralised by the carboxyl group in the 
ortho-position with respect to it. 

We have endeavoured in each case to separate the products of 
the nitration quantitatively, and the results are strictly com- 
parable, the conditions of nitration being as nearly as possible the 
same in each case. 

3-Acetylamino-2-methoxybenzoic acid was found to be somewhat 
difficult to prepare, owing to its ready solubility in water and the 
tendency which it showed to resinify. The constitution of the 
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three isomeric acids obtained from it was determined by the con- 
yersion of two of the acids, 5-nitro-3-amino-2-methoxybenzoic acid 
(III) and 6-nitro-3-amino-2-methoxybenzoic acid (IV), into the 
corresponding nitromethoxybenzoic acids (V and VI). 6-Nitro-2- 
methoxybenzoic acid (VI) does not appear to have been prepared 
previously, and we were unable to obtain it by the hydrolysis of the 
corresponding nitrile (compare Lobry de Bruyn, Rec. trav. chim., 
1883, 2, 217). There can, however, be no doubt as to the con- 
stitution of this acid, since it is not identical with any of the 
jsomeric nitro-2-methoxybenzoic acids, and, in accordance with 
the V. Meyer rule, it does not undergo esterification on treatment 
with methyl alcohol and hydrochloric acid. 

5-Nitro-2-methoxybenzoic acid (V), which was required for the 
preparation of the corresponding amino-acid, has not previously 
been obtained pure. We have carefully investigated the nitration 
of 2-methoxybenzoic acid, and have found that both the 3- and 
jnitro-acids are formed, the latter in much the greater quantity. 
The two acids are readily separated by means of their barium or 
calcium salts, and we have found that the 5-nitro-acid melts at 
161°, and not at 148—-149°, as stated previously (Kraut, Annalen, 
1869, 150, 6; Salkowski, ibid., 1874, 178, 41).*- 

As has already been indicated, 5-acetylamino-2-methoxybenzoic 
acid gave as the main product of nitration 4-nitro-5-acetylamino-2- 
methoxybenzoic acid (acetyl derivative of VIII). The amino-acid 
obtained on hydrolysis crystallised in deep ruby-red needles; this 
deep colour is very remarkable, since all the isomeric acids are either 
yellow or deep brown. There can be no doubt as to the constitution 
of this acid, since on diazotisation it gave an excellent yield of 
4-nitro-2-methoxybenzoic acid (XII), an acid which we have also 
prepared by the oxidation of 4-nitro-o-tolyl methyl ether (XIII). 

The orientation of the acids obtained from 4-acetylamino-3- 
methoxybenzoic acid (XV) and 3-acetylamino-4-methoxybenzoic 
acid (XIX) did not offer much difficulty. The nitro-acid from the 
former gave on hydrolysis 6-nitro-4-amino-3-methoxybenzoic acid 
(XVI), which on elimination of the carboxyl group yielded 4-nitro- 
oanisidine (XVII), a substance which has been described by 
Meldola, Woolcott, and Wray (T., 1896, 69, 1330). 

The constitution of the acid formed from 3-acetylamino-4- 
methoxybenzoic acid was proved by the fact that on reduction it 
yielded a para-diamine, whilst on elimination of the amino-group, 
2-nitro-4-methoxybenzore acid (KXI) was obtained. 


* Hale and Robertson (Amer. Chem. J., 1903, 39, 688) describe an acid 
melting at 148-150°, crystallising in needles, which they consider to be the 
5-nitro-acid. It appears to us possible that their acid may have been the 
4-nitro-acid, which melts at 147° and crystallises in needles. 
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From a consideration of the above results and those obtained 
by Gibson, Simonsen, and Rau (loc. cit.), it would appear to us 
that the following conclusions may be drawn: (i) that the nitro. 
group will enter mainly the ortho- or para-position with respect 
to the most strongly positive group present in the molecule; 
(ii) that the “orientating influence” of a methoxy-group is greatly 
increased by the presence of an acetylamino-group in the ortho. 
or para-position to it; (iii) that if the “orientating” group has 
in the ortho- or para-position to it a negative (carboxyl) group, its 
“ orientating influence ” becomes very feeble, even although there 
may be a positive group in the ortho- (or para-) position to it; 
(iv) that the negative group would appear to exercise little direct 
“ orientating influence.” 

We propose to accumulate further data with a view to deter. 
mine how far the above conclusions are justified, and also to 
attempt to elucidate whether the nitration proceeds “ indirectly,” 
with the intermediate formation of ammonium or oxonium salts, 
since it is otherwise difficult to understand why the negative group 
should exercise so little directing influence. 


ExPERIMENTAL. 


3-Nitro-2-methoxrybenzoie Acid and 3-A mino-2-methoxybenzoie 
Acid, 


3-Nitro-2-methoxybenzoic acid was found to be most con- 
veniently prepared by the oxidation of 3-nitro-o-tolyl methyl] ether 
in alkaline solution by means of potassium permanganate. It was 
purified by crystallisation from hot water, from which it separated 
in glistening needles melting at 194—195° (Stoermer, Ber., 1911, 
44, 655, gives the melting point as 194°): 

0°1174 gave 0°2099 CO, and 0°0346 H,O. C=487; H=3'3. 

C,H,O;N requires C=48°7; H=3°3 per cent. 


The silver salt was obtained as a caseous, white precipitate, 
which- was somewhat readily soluble in hot water, and crystallised 
in fine needles: 


0°1138 gave 0°0384 Ag. Ag=37°2. 

C,H,O;NAg requires Ag =37'2 per cent. 

Some difficulty was experienced in obtaining 3-amino-2-methozy- 
benzoic acid in quantity, owing to its ready solubility in water 
and the ease with which it underwent decomposition; ultimately, 
the following method was found to be the best. A dilute solution 
of the barium salt of the nitro-acid was gradually added to excess 
of a hot alkaline solution of ferrous hydroxide, and the mixture 
heated on the water-bath until reduction was complete. The 
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solution was filtered, the excess of barium hydroxide removed by 
carbon dioxide, and the clear solution concentrated to a small 
bulk in a vacuum. After making faintly acid with hydrochloric 
acid and filtering from a little unreduced nitro-acid, the amino- 
acid was extracted with ethyl acetate and purified by repeated 
crystallisation from carbon tetrachloride: 

01253 gave 106°0 c.c. N at 32° and 753 mm. N=8'5. 

C,H,O,N requires N=8'5 per cent. 

3-4mino-2-methoxrybenzoic acid separated from carbon tetra- 
chloride in silky needles melting at 82°. It was extremely readily 
«luble in water, acetone, ether, ethyl acetate, or s-tetrachloro- 
ethane, and fairly readily.so in benzene or hot carbon tetrachloride. 

The acetyl derivative (I) separated from hot water in glistening, 
prismatic needles, which softened at 118° and melted at 124—125°. 
It crystallised with half a molecule of water of crystallisation, 
which it lost in drying at 100°, the anhydrous substance melting 
at 137—138°: 

04454 lost at 100° 0°0019 H,O. H,O=4°3. 

C,)H,,O;N,4H,O requires H,O=4°0 per cent. 


Nitration of 3-Acetylamino-2-methoxybenzoie Acid. 


In one experiment, the acetylamino-acid (4°5 grams) was gradu- 
ally added to nitric acid (D 1°52) (12 grams), the whole being 
well cooled in a freezing mixture. The acetylamino-acid readily 
dissolved, and after fifteen minutes the deep brown solution was 
poured on ice, when a yellow solid separated (5°1 grams). Pre- 
liminary experiments having shown that the three isomeric nitro- 
acetylamino-acids were present, the following method of separation 
was devised. The product was mixed with hydrochloric acid (50 
per cent.) (100 c.c.) and heated on the water-bath for two hours, 
when hydrolysis was complete. The excess of mineral acid was 
evaporated, and on adding water a brown, crystalline solid (A) 
separated (1°25 grams). The filtrate from which A had separated 
was again concentrated, and ammonia added until the solution 
was just acid to Congo paper, when a further quantity of amino- 
acid (B) separated (1°95 grams). The filtrate was saturated with 
ammonium sulphate and repeatedly extracted with ethyl acetate, 
which on evaporation yielded a further small quantity of amino- 
acid (C’) (1"1 grams). 

For the purification of the fractions A, B, and C, advantage 
was taken of the fact that 5-nitro-3-amino-2-methozybenzoic acid 
(III) yielded a sparingly soluble lead salt, whereas the lead salts 
of the two isomeric acids were readily soluble in water. 

Fraction A, which consisted of nearly pure 6-nitro-3-amino-2- 
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methoxybenzoic acid (IV), was dissolved in ammonia and treated 
with a solution of lead acetate, when a small quantity of the lead 
salt of the 5-nitro-acid separated. The filtrate on acidification 
yielded the pure 6-nitro-acid. The same method of purification 
was adopted with fractions B and C, the filtrates on acidification 
yielding nearly pure 6-nitro-acid. The combined mother liquors 
from which the 6-nitro-acid had separated were extracted with 
ethyl acetate, which on evaporation yielded a mixture of the 4. 
and 6-nitro-acids. These were separated by crystallisation from 
acetic acid, in which the 6-nitro-acid is only sparingly soluble in 
the cold. 

The sparingly soluble lead salt (see above) yielded on decom- 
position the pure 5-nitro-acid. 

From the mixed acetylamino-acid (5°1 grams), which was hydro- 
lysed, this method of separation yielded 4-nitro-acid, 0°4 gram 
(10 per cent.); 5-nitro-acid, 1°8 grams (42°8 per cent.); 6-nitro- 
acid, 1°6 grams (40 per cent.) ; mixture of the 4- and 6-nitro-acids 
and loss, 0°15 gram (8 per cent.) : 

4-Nitro-3-amino-2-methorybenzoie acid (II) crystallised from hot 
water, in which it was somewhat readily soluble, in brownish-yellow, 
prismatic needles melting at 192—193°. It was readily soluble 
in most organic solvents: 


0°0785 gave 9°8 c.c. N, at 30° and 758 mm. N=13°4. 
C,H,O;N requires N=13°2 per cent. 

The acetyl derivative crystallised from hot water in faintly 
yellow, glistening needles melting at 220°. 

5-Nitro-3-amino-2-methorybenzoic acid (III) separated from hot 
water in terra-cotta coloured, silky needles containing one mole 
cule of water of crystallisation, which was lost on drying at 100°, 
the acid becoming pale brown: 


* 0°3852 lost 0°0309 H,O at 100°. H,O=8°0. 
+ 0°1061 gave 13°6 c.c. N, at 30° and 756 mm. N=13'2. 
C,H,O;N,,H,O requires H,O=7°8 per cent. 
C,H,O;N, requires N=13°2 per cent. 

The nitro-amino-acid decomposed at 224—225°. It was readily 
soluble in hot water, more sparingly so in cold, readily so in 
alcohol, ethyl acetate, or acetone, and insoluble in benzene. It 
yielded sparingly soluble lead and copper salts. 

The acetyl derivative crystallised from acetic acid, in which it 
was somewhat sparingly soluble, in glistening, straw-coloured 
needles which decomposed at 245°. 

6-Nitra-3-amino-2-methorybenzoic acid (IV) was purified by 


* Air-dried. t Dried at 100°. 
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repeated crystallisation from a mixture of acetone and water, 
yhen it separated in glistening, brown prisms decomposing at 
950—251°. It was only sparingly soluble in alcohol or water, but 
readily so in acetone or hot acetic acid. It yielded a sparingly 
soluble yellow copper salt: 
01365 gave 17°2 c.c. Ny at 30° and 756 mm. N=13'4. 
C,H,O;N. requires N=13'2 per cent. 


Diazotisation of 5-Nitro-3-amino-2-methorybenzoic Acid. 
5-Nitro-2-methoxybenzoic Acid (V). 


The nitroamino-acid (0°5 gram) was dissolved in a mixture of 
alcohol (5 ¢.c.) and sulphuric acid (0°5 gram), and to the well- 
cooled solution amyl nitrite (0°5 gram) was added. A white pre- 
cipitate of the diazonium salt separated, and, after the addition 
of a trace of zinc dust, the salt was decomposed by heating on 
the water-bath. The diazonium salt was extremely stable, and 
the decomposition only took place slowly. On the addition of 
water to the clear alcoholic solution, the nitro-acid separated as a 
pasty, red solid. This was dissolved in ether, the ether evaporated, 
and the resulting acid, which gave a deep red colour with ferric 
chloride, was dissolved in alkali and methylated with methyl 


sulphate. The crude nitromethoxy-acid thus obtained was purified 
by treatment with potassium permanganate, which removed a 
little coloured impurity, and recrystallised from hot water, when 
it separated in small, glistening plates melting at 161°, and this 
melting point was unaltered on admixture with a specimen of 
j-nitro-2-methoxybenzoic acid from another source. 


Diazotisation of 6-Nitro-3-amino-2-methoxybenzoie Acid. 
6-Nitro-2-methorybenzoic Acid (V1). 


For the diazotisation of the 6-nitro-acid, the conditions used 
were similar to those described above in the case of the 5-nitro- 
acid; the diazonium salt, however, was readily soluble in alcohol 
and also readily decomposed. On pouring into water, the nitro- 
acid separated as a pasty, red mass, and since it gave no colour 
with ferric chloride, it was freed from the coloured impurity by 
treatment with potassium permanganate and recrystallised from 
water. 

6-Nitro-2-methoxybenzoic acid, which does not seem to have been 
described previously, crystallises in glistening needles melting at 
179—180°. When treated with methyl alcohol and hydrochloric 
acid in the cold, it does not yield the methyl ester. 


228 SIMONSEN AND RAU: THE NITRATION OF ISOMERIC 


The silver salt separated in woolly needles, which were some 
what sparingly soluble in hot water: 
0°1209 gave 0°0431 Ag. Ag=35°6. 
C,H,O;NAg requires Ag=35°5 per cent. 


5-Nitro-2-methoxybenzoie Acid (V). 


As 5-nitrosalicylic acid was not readily methylated, it was found 
that this acid was most readily prepared by the nitration of 
2-methoxybenzoic acid. 

2-Methoxybenzoic acid (5 grams) was gradually added to nitric 
acid (D 1°52) (15 grams), which was kept well cooled in a freezing 
mixture, and after ten minutes the mixture was poured on ice, and 
the nitro-acid which separated (7 grams) was collected. The crude 
acid was found to be a mixture, and melted at about 147°. For 
the separation of the isomeric acid, the following method was 
found to give the best results when working with large quantities. 

In one experiment, the crude nitro-acid (120 grams) was dis 
solved in hot water, the solution treated with a slight excess of 
barium carbonate, filtered, and concentrated, when the barium 
salt crystallised in fine needles. These were collected and the 
mother liquor again concentrated, the process being repeated until 
it was observed that the crystals of the barium salt were no longer 
homogeneous. In this manner, 120 grams of the barium salt of 
the 5-nitro-acid were obtained. 

The mother liquor from the barium salt was acidified, the acid 
collected, and converted into the calcium salt by means of calcium 
carbonate, and the calcium salt allowed to crystallise, when the 
pure calcium salt of the 5-nitro-acid (27 grams) separated. The 
mother liquor containing the more readily soluble calcium salt 
was acidified, when nearly pure 3-nitro-2-methoxybenzoic acid (17 
grams) separated, which, after one crystallisation from water, 
melted at 194—195°, and was found to be identical in every way 
with the acid described above (see p. 224). 

The combined pure barium and calcium salts of the 5-nitro 
acid were ground up with hot water, acidified, and the acid (100 
grams) crystallised from hot water, when it separated in glistening 
leaflets or plates melting at 160—161°: 

0°1208 gave 8°6 c.c. N, at 32° and 757 mm. N=7'5. 

_ C,H,O;N requires N=7°1 per cent. 
5-Nitro-2-methoxybenzoic acid, which does not appear to have 
been obtained previously in a pure state, was readily soluble in 
hot water, more sparingly so in cold, and readily soluble in alcohol, 
acetone, or ethyl acetate, but only very sparingly so in benzene. 
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It will be observed from this experiment that on nitration, 
gmethoxybenzoic acid gave 83°3 per cent. of the 5-nitro-acid and 
14'1 per cent. of the 3-nitro-acid. 

The silver salt was obtained as a caseous, white precipitate: 

01848 gave 0°0687 Ag. Ag =37°2. 

C,H,O;NAg requires Ag=37'2 per cent. 

The barium salt crystallised from hot water in faintly straw- 
coloured needles containing three molecules of water of crystal- 
lisation, which were lost on drying at 110°, when the salt became 
sulphur-yellow : 

*0'5139 lost 0°041 H,O at 110°. H,O=8°0. 

*0°3358 gave 0°1329 BaSO,. Ba=23°3. 
+0°4028 ,, 0°1681 BaSO, Ba=24°5. 

C\¢H,:0,)N.Ba,3H,O requires H,O=7°7; Ba=23°4 per cent. 

C,gH,,0;)N.Ba requires Ba=24'1 per cent. 

The calcium salt, which was not very readily soluble in hot 
water, crystallised in colourless, glistening, prismatic needles con- 
taining four molecules of water of crystallisation, which were lost 
at 110°, the salt becoming yellow: 

* 04399 lost 0°0635 HO at 110°. H,O=14°4. 

*0'1521 gave 0°0407 CaSO,. Ca=7°9. 

C\.H,,0,,N,Ca,4H,O requires H,O=14°3; Ca=7°9 per cent. 

The methyl ester was prepared by treating the silver salt with 
methyl iodide, and separated from alcohol in long, prismatic 
needles melting at 99—100°. The same ester was obtained by 
treating 5-nitrosalicylic acid with a large excess of methyl! sulphate ; 
the yield, however, was extremely poor: 

0°1063 gave 0°1999 CO, and 0°0424 H,O. C=51'3; H=4-4. 
C,H,O;N requires C=51°2; H=4°3 per cent. 


5-A mino-2-methorybenzoic Acid, 


This acid was prepared in the usual manner by the reduction 
of the nitro-acid with ferrous hydroxide in alkaline solution. On 
saturating the ammoniacal solution of the aminoacid with 
ammonium sulphate and acidifying with dilute sulphuric acid, the 
sulphate of the base separated as a pink powder. It was recrystal- 
lised from 50 per cent. alcohol, when it was obtained in glistening, 
square plates, which decomposed at 242°: 

0'242 gave 071259 BaSO,. S=7°2. 

02337 ,, 15 cc. N, at 34° and 758 mm. N=6°7. 

(C;H,O,N),H,SO, requires N=6°5; S=7°4 per cent. 
* Air-dried. + Dried at 110°. 
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The amino-acid was obtained from the sulphate by treating it 
with the calculated quantity of barium hydroxide solution anq 
concentrating the aqueous solution. It was purified by repeated 
crystallisation from water: 

0°1452 gave 12°0 c.c. N, at 34° and 758 mm. N=8'6. 

C,H,O,N requires N=&8'4 per cent. 

5-A mino-2-methoxybenzoic acid separated from water in colour. 
less prisms which melted at 153—154°, and rapidly became brown 
on exposure to the air. It was readily soluble in water or alcohol, 
but much more sparingly so in most organic media. Its solution 
in ethyl acetate showed a marked blue fluorescence. 

The platinochloride crystallised from dilute alcohol in yellow 
prisms : 

0°1319 gave 0°0327 Pt. Pt=24°8. 

(CsH,O,N).,H,PtCl, requires Pt=24°5 per cent. 

The acetyl derivative (VII) crystallised from dilute acetic acid in 
glistening tablets which melted at 208—209°: 

0°1102 gave 0°233 CO, and 0°0505 H,O. C=57°5; H=5'l. 

C,)H,,O,N requires C=57°4; H=5:2 per cent. 


Nitration of 5-Acetylamino-2-methoxybenzoic Acid. 


The acetylamino-acid (4°4 grams) was gradually added to a well- 
cooled nitric acid (D 1°52) (12 grams). The acid slowly dissolved, 
and, after fifteen minutes, the mixture was poured on ice, when a 
yellow solid gradually crystallised. This was collected and dis- 
solved in sodium carbonate, when a small amount of a neutral 
substance (A) remained. The alkaline solution was acidified, and 
the crude acetylamino-acid (4°8 grams) crystallised from dilute 
alcohol, when it separated in yellow needles melting quite sharply 
at 194°. It was for some time thought to be a pure substance, 
but an examination of the hydrolysis products showed it to be a 
mixture. 

In one experiment the nitroacetylamino-acid (12°4 grams) was 
mixed with hydrochloric acid (50 per cent.) (100 c.c.) and heated 
for two hours on the water-bath, when a clear solution was 
obtained. This was cooled and diluted with an equal volume of 
water, when a bright red, crystalline solid separated (7 grams, 
68 per cent.). This was collected, and the filtrate reserved for 
further examination (see below). 

The red nitroamino-acid was purified by repeated crystallisa- 
tion from dilute acetone, when it was obtained in ruby-red needles 
sintering at 230° and decomposing at 254—255°. It was dried 
at 100° for analysis: 
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0099 gave 0°1656 CO, and 0°0352 H,O. C=45'5; H=3'8. 
C,H,O;N, requires C=45°3; H=3°8 per cent. 

4-Nitro-b-amino-2-methozybenzoic acid (VIII) was readily soluble 
in alcohol or acetone, somewhat soluble in hot water, but only 
sparingly so in other solvents. It was found to be a very weak 
base, its salts being readily dissociated on the addition of water. 
The copper salt was observed to crystallise in brown needles, which 
were readily soluble in hot water, but only sparingly so in cold. 

The filtrate from which the 4-nitro-acid had separated was 
saturated with ammonium sulphate, and ammonia added until the 
liquid was just faintly acid to Congo paper, when a pale yellow 
slid (3:3 grams) separated. This was collected, dissolved in 
ammonia, and treated with barium chloride solution, when a 
sparingly soluble, red barium salt separated. This was decomposed, 
when the nitroamino-acid (0°8 gram, 7 per cent.) was obtained as 
a brown powder. It was recrystallised from dilute acetone, and 
dried at 100° for analysis: 


0'1132 gave 14 c.c. N, at 31° and 756 mm. N=13°2. 
C,H,O;N, requires N=13°2 per cent. 

6-Nitro-5-amino-2-methozybenzoice acid (IX) separated in straw- 
coloured, bayonet-shaped needles, which sintered at 235° and 
decomposed at 243—245°. It was found to be sparingly soluble 
ia most organic solvents, with the exception of alcohol and acetone ; 
in hot water it was somewhat readily soluble, but only very 
sparingly so in cold. It was readily soluble in dilute acids, and 
yielded sparingly soluble, amorphous copper and barium salts. 

The acetyl derivative crystallised from acetic acid in yellow 
needles, which decomposed at 277—278°: 


01713 gave 18 c.c. N, at 31° and 755 mm. N=11°2. 
C,)H,,OgN, requires N=11°1 per cent. 

The filtrate from which the barium salt of the 6-nitro-acid had 
been separated was acidified, and the acid which was deposited was 
collected (2°3 grams, 22 per cent.) and crystallised from dilute 
acetone, when it was obtained in nodules of yellow needles melting 
at 192—193°: 


01065 gave 13-2 c.c. N, at 31° and 756 mm. N=13°2. 
C,H,O;N, requires N=13°2 per cent. 
3-Nitro-5-amino-2-methoxybenzoic acid (X), like its isomerides, 
was sparingly soluble in most organic solvents, with the exception 
of alcohol and acetone. 
Ray acetyl derivative crystallised in yellow needles melting at 
11—212°; 
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0°0989 gave 10°4 c.c. N, at 31° and 756 mm. N=11°2, 
CyoHyO,N, requires N=11°1 per cent. 

The small amount of neutral substance A (see p. 230) crystal- 
lised from alcohol in yellow needles melting at 223—225°, and this 
melting point was unaltered on mixing with a specimen of 
2 : 3-dinitroaceto-p-anisidide (XI), prepared as described by Meldola 
and Eyre (T., 1902, 81, 990). The melting point is stated to be 
230—231°, but we were unable to obtain so high a melting point. 
(Found: N=16°6. Cale.: N=16°5 per cent.) 


Diazotisation of 4-Nitro-5-amino-2-methoxrybenzoie Acid. 
4-Nitro-2-methoxybenzoice Acid (XII). 


The nitroamino-acid was diazotised in alcoholic solution as 
previously described, when a sparingly soluble diazonium alt 
separated. This was decomposed, and, on pouring the alcoholic 
solution into water, the nitromethoxy-acid was obtained as a 
reddish-brown, crystalline solid. It was treated with an alkaline 
solution of potassium permanganate to remove the coloured 
impurity, and crystallised from hot water, when it was obtained 
in fine, hair-like needles which contained one molecule of water of 
crystallisation : 

* 1°3367 lost at 100° 0°1198 H,O. H,O=8'9. 
+ 0°0716 gave 4°6 c.c. N, at 30° and 758 mm. N=7'1. 
C,H,O;N,H,O requires H,O=9°1 per cent. 
C,H;O;N requires N=7'1 per cent. 
4-Nitro-2-methorybenzoic acid (XI1) melted, when air-dried, at 
105—106°, resolidifying and then melting at 131—132° After 
drying at 100°, the anhydrous acid melted at 147°. 

For the purposes of comparison, a specimen of this acid was 
prepared by the oxidation of 4-nitro-o-tolyl methyl ether (XIII), 
and the acid obtained in this manner was found to be identical in 
every respect with the one just described. (Found: N=7%. 
Cale.: N=7'1 per cent.) 

The methyl ester crystallised from methyl alcohol in silky needles 
melting at 88—89°: 

0°1799 gave 12°2 c.c. N, at 32° and 755 mm. N=7°2. 

C,H,O;N requires N=6°6 per cent. 


Diazotisation of 3-Nitro-5-amino-2-methoxrybenzoic Acid. 
y 


3-Nitrosalicylic Acid (XIV). 


This nitroamino-acid yielded on diazotisation an extremely 
stable diazonium salt, which crystallised from water in needles 


* Air-dried. t+ Dried at 100°. 
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exploding at 190°. As it was not decomposed on boiling with 
alcohol, it was treated with a hot solution of sodium methoxide, 
when it decomposed rapidly with deposition of much tar. On 
dilution with water and acidification, 3-nitrosalicylic acid separated. 
This was purified by conversion into the characteristic barium salt, 
and finally by crystallisation from hot water, when it melted at 
125°, the anhydrous acid melting at 144°. These melting points 
were unaltered on admixture with 3-nitrosalicylic acid. 


4-Nitro-3-methoxybenzoic Acid and 4-A mino-3-methorybenzoic 
Acid, 


The nitro-acid was readily obtained by the methylation. of the 
corresponding hydroxy-acid, prepared by Griess’s method (Ber., 
1887, 20, 405). It crystallised from alcohol in needles melting at 
2299—230° (Rieche, Ber., 1889, 22, 2363, gives 208°). 

The amino-acid was obtained in an excellent yield by the reduc- 
tion of the nitro-acid with ferrous hydroxide in alkaline solution. 
It was purified by crystallisation from dilute alcohol, from which 
it separated in prismatic needles: 

0'0977 gave 0°2067 CO, and 0°0458 H,O. C=57'7; H=5°3. 

C,H,O,N requires C=57°5; H=5'4 per cent. 

4-4 mino-3-methoxybenzoic acid melted at 185—187° It was 
readily soluble in most organic solvents, with the exception of 
benzene and chloroform. It yielded a sparingly soluble copper 
salt, whilst the silver salt very readily underwent decomposition, 
with deposition of silver. 

The acetyl derivative (XV) crystallised from dilute acetic acid in 
needles melting at 206—207°: 

0'1052 gave 0°2207 CO, and 0°0493 H,O. C=57'2; H=5:2. 

C\)H,,0O,N requires C=57°4; H=5'2 per cent. 


Nitration of 4-Acetylamino-3-methozybenzoie Acid. 


In one experiment, the acetylamino-acid (9 grams) was added to 
nitric acid (D 1°52) (36 grams), the mixture being well cooled in ‘ 
salt and ice. The acid dissolved with considerable evolution of 
gas, and on pouring on ice a caseous, white precipitate separated. 
This was ground up with sodium carbonate solution, when a 
quantity of a neutral substance (A) remained undissolved (2°8 
grams). The filtrate was acidified, and the colourless nitro-acid 
(68 grams) collected. Examination showed it to be a perfectly 
homogeneous substance, and it crystallised from acetic acid, in 
which it was only very sparingly soluble, in colourless leaflets : 

VOL. OXI. L 
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0°1141 gave 12 cc. N, at 29° and 759 mm. N=11'3. 
CypHyO.N, requires N=11°'0 per cent. 
6-Nitro-4-acetylamino-3-methoxybenzoic acid sintered at 273° 
and decomposed at 278—280°. 

It was readily hydrolysed by mixing with three times its weight 
of concentrated sulphuric acid and heating on the water-bath for 
half an hour, when, on pouring into water and removing the excess 
of mineral acid with ammonia, the nitroamino-acid separated in 
pale yellow needles. For analysis it was crystallised from hot 
water : 

0°1082 gave 13°4 c.c. Ng at 30° and 756 mm. N=13°3. 

C,H,O;N, requires N=13°2 per cent. 

6-Nitro-4-amino-3-methorybenzoic acid (XVI) crystallised in 
glistening, yellow needles which decomposed at 213—214°. It was 
readily soluble in hot water, alcohol, or acetone, very sparingly so 
in benzene or chloroform, but somewhat more readily so in ethyl 
acetate. The copper salt crystallised in stout, brown prisms, which 
were insoluble in hot water, whiist the silver salt was obtained in 
pale yellow leaflets. 

The constitution of this acid was readily proved by the fact 
that, on boiling with dilute hydrochloric acid, carbon dioxide was 
eliminated, with the formation of 4-nitro-o-anisidine (XVII), melt- 
ing at 118°. (Found: N=16°8- Cale.: N=16°6 per cent.) The 
acetyl derivative melted at 174—175° (compare Meldola, Woolcott, 
and Wray, loc. cit.). 

The neutral substance A (see above) crystallised from alcohol in 
pale yellow needles melting ai 163°, and was evidently 4 :5-dinitro- 
aceto-o-anisidide (XVIII) (Meldola and Wechsler, T., 1900, 77, 
1172). (Found: N=16°3. Cale.: N=16°6 per cent.) This was 
confirmed by hydrolysis, when it yielded the base, melting at 
186—188°. (Found: N=19°9. Cale.: N=19°7 per cent.) 


3-A mino-4-methozybenzoic Acid. 


This acid was found to be most readily prepared by the alkaline 
reduction of the nitro-acid, and crystallised in needles melting at 
202—203°. (Found: C=57'4; H=5°0. Cale.: C=57'6; H=5'4 
per cent.) 

The acetyl derivative (XIX) crystallised in glistening leaflets 
decomposing at 266—267°: 

0°1002 gave 0°2112 CO, and 0°0482 H,O. C=57'5; H=5'3. 

C,)H,,O,N requires C=57'4; H=5-2 per cent. 
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Nitration of 3-Acetylamino-4-methoxybenzoic Acid. 


The acetylamino-acid (10 grams) was nitrated under conditions 
similar to those described above. On pouring on ice, the product 
separated as an oil, which rapidly solidified. The solid (10°5 grams) 
was collected and ground up with sodium carbonate solution, when 
a small amount of a neutral substance (A) remained. The nitro- 
acid which separated on acidifying the alkaline solution was re- 
crystallised from hot water, when it separated in long, prismatic 
needles, or from dilute acetic acid in prisms: 

0'1072 gave 0°1859 CO, and 0°0369 H,O. C=47°3; H=3°8. 

Cy9H,pO.N, requires C=47°2; H=3'9 per cent. 
6-Vitro-3-acetylamino-4-methorybenzoic acid darkened at 252° 
and decomposed at 259—260°. 

The silver salt crystallised in needles which were readily soluble 
in hot water : 

01544 gave 0°0456 Ag. Ag=29°5. 

C\>H,O,N,Ag requires Ag=29°9 per cent. 

The acetylamino-acid was readily hydrolysed with concentrated 
sulphuric acid, when the amino-acid was obtained as a yellow 
powder, and was crystallised from hot water: 

0'1025 gave 0°1737 CO, and 0°0329 H,O. C=45°5; H=3°6. 

C,H,O;,N, requires C=45°3; H=3°8 per cent. 
6-Nitro-3-amino-4-methoxybenzoic acid (XX) separated in balls 
of pale yellow needles, which melted at 187—-188°. It was readily 
soluble in hot water, more sparingly so in cold, very readily so in 
alcohol, acetone, or ethyl acetate. 

When reduced with tin and hydrochloric acid it yielded 
3:6-diamino-4-methoxybenzoic acid, which showed all the proper- 
ties of a para-diamine. 

The silver salt crystallised from hot water in glistening, golden 
plates : 

02092 gave 0°0702 Ag. Ag=33°5. 

C,H,O;N,Ag requires Ag=33°8 per cent. 


Diazotisation of 6-Nitro-3-amino-4-methorybenzoie Acid. 
2-Nitro-4-methorybenzoic Acid (XX1). 


The nitroamino-acid was diazotised in the usual manner, and 
the crude nitro-acid obtained in this way was methylated with 
methyl sulphate and crystallised from hot water: 

01094 gave 0°1954 CO, and 0:0041 H,O. C=487; H=3°4. 

C,H,O,N requires C=48°7; H=3'5 per cent. ~ 
L 2 
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2-Nitro-4-methorybenzoie acid does not appear to have been 
previously described. It separated from hot water in long needles, 
which softened at 192° and melted at 195—196°; when. mixed with 
the isomeric 3-nitro-acid melting at 189°, the mixture melted at 
160°. 

The neutral substance A (see above) was found to be a mixture 
from which 4:5-dinitroaceto-o-anisidide (XVIII) was readily 
isolated, melting at 163° and yielding a base melting at 186—188° 


Tue PRESIDENCY COLLEGE, 
MADRAs, [ Received, March 8th, 1917.] 


XXV.-—The Detection of Traces of Mercury Salts for 
Toxicological Purposes. 


By Kenpatit CoLin Brownine. 


Tue author has repeatedly had occasion, during the past twelve 
years, to detect very small quantities of mercury salts in organic 
fluids (for example, urine, stomach washings, etc.). It frequently 
happens, in cases of mercury poisoning in the East, that the only 
evidence available is the symptoms and a specimen of urine or 
stomach washings obtained possibly several days after the poison in 
question has been taken. 

It is also of importance to follow the excretion of mercury when 
Spittel’s * solution has been injected to cure syphilis, parangi, etc. 

In these circumstances, it is often the case that the amount of 
mercury present is too small for certain identification by the usual 
methods. Hence a method by which such minimal quantities can 
be identified is a desideratum. The method now described is easy 
to work, and is a devélopment of the Dupré method of detecting 
mercury in explosives. 

The following investigations were carried out to discover the most 
delicate method of detecting mercury in solution. 

Very dilute solutions of mercury salts were used, and these were 


* Dr. Spittel’s solution consists of : 
Mercuric iodide 
Arsenious iodide 
Potassium iodide 
Phenolphthalein solution (0- 5 per “cont. "e ws 
Sodium hydroxide solution (25 per cent.) added to alkaline reaction. 
Distilled water up to 1136 c.c. 
15-17 c.c. of the above are injected intravenously every 5—7 days. 
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progressively diluted until one or the other of the previously 
described methods for identifying mercury failed. 

Preliminary experiments on these lines showed that an electro- 
lytic method was most hopeful, the mercury being identified by its 
spectrum in a Dupré tube. 

The mercury spectrum is strongly shown when no method of 
microsublimation is satisfactory. In this preliminary work very 
dilute solutions containing mercury were electrolysed and the 
cathode examined spectroscopically in a Dupré tube. 

The best way is to place the cathode into one limb of a Dupré 
tube. Subliming the mercury from the cathode into a glass tube 
and introducing this glass tube into the Dupré tube always resulted 
in some loss of mercury. 

A number of points required investigation, namely: 


Current density and time of electrolysis. 
Temperature and composition of solution used. 
Temperature of Dupré tube, etc. 


Material, etc., of Electrode. 


Electrodes of aluminium, copper, gold foil, platinum wire, platin- 
um foil, platinum gauze, gold-plated platinum gauze, silver foil, and 


silver gauze were tried. 

A large number of experiments were made by progressively dilut- 
ing a mercury solution until mercury could no longer be detected, 
using the above electrodes. 

Gold foil was decidedly the most sensitive, and next to this silver 
gauze was best. 

In every case, of course, the electrodes before use were heated to 
about 900° in a small electric muffle and then spectroscopically 
examined for mercury. 

It was noted that, before heating, “ pure” specimens of Kahl- 
baum’s gold foil and silver gauze gave a strong mercury spectrum, 
the former most markedly. 

With regard to the size of the cathode, a piece of gold foil 1°5 cm. 
long and 0°65 cm. broad was found satisfactory, the gold foil being 
welded autogenously to a platinum wire. Larger cathodes were 
ued, but nothing was gained thereby even when several hundred 
ce. of liquid were electrolysed. 


Current Density and Time of Electrolysis. 
Many determinations were made on dilute solutions (of the order 
of one part of mercuric chloride in one hundred million parts of 
water), 
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For example, 10 c.c. of such a solution (the solution being acidj. 
fied with nitric acid) were electrolysed with 0°2 ampere for varying 
times. Ten minutes was found ample. No improvement was dis. 
covered by passing smaller currents (1—8 milliamperes) for twenty. 
four hours or longer. 

With the same volume (10 c.c.) of solution a very slight improve. 
ment was found by increasing the current to 0°8 ampere, but a 
further increase to 2 amperes is a disadvantage, as the heating 
caused by the current volatilises some of the mercury. 

With larger volumes of solution (for example, 200 c.c. and more) 
it was possible to use up to 2 amperes with advantage, the liquid 
being rapidly stirred by a powerful motor-driven stirrer. 

It is possible when using 2 amperes to electrolyse too long, thus 
heating the solution and losing mercury. For example, three por- 
tions of 200 c.c. each of mercuric chloride solution (one in a thou- 
sand million) were electrolysed with 2 amperes and rapid stirring 
with the following results: 

Time of 


electrolysis. Result. 
ae .  l0Ominutes Cathode gave a strong mercury spectrum. 


iw ese 1 hour Cathode gave faint mercury spectrum. 
| ose 2 hours Cathode gave no mercury at all. 

The solution became very hot towards the end of the electrolysis. 
Five amperes heats the liquid too much, with a consequent redue- 
tion in the amount of mercury which could be identified. 

The temperature should never be allowed to reach even 50°, as 
a marked loss of mercury occurs when the electrolyte becomes 
warm. With regard to the composition of the electrolyte, it is 
satisfactory to acidify it with a few drops of nitric acid. 

The addition of ammonium oxalate solution or excess of potassium 
cyanide does not increase the delicacy of the test. 


Temperature of Dupré Tube, ete. 


After the electrolysis is finished, the cathode is washed with water 
only (not with alcohol and ether) without interrupting the current 
and placed in one limb of a Dupré tube. This limb is immersed 
in oil heated by a small electric heater, the whole being jacketed 
by asbestos cloth. A bath temperature of 200—250° was found 
to be suitable. 

Various gases were tried in the tube, hydrogen giving the best 
result. 

The tube is exhausted by a Gaede rotary oil pump (a mercury 
pump, of course, cannot be used) and well washed out with hydro- 
gen. It is then exhausted again (a matter of a few seconds) and 
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the tap closed. The spectrum is conveniently examined end-on to 
the capillary by a Hilger direct-vision spectroscope with scale, a 
cylindrical condensing lens being used to focus the light from the 
tube into the slit. A moderately powerful coil (15 cm. spark) is 
suitable. It was found that the mercury spectrum is shown by a 
gold cathode used when 200 c.c. of a solution of one part of mer- 
curic chloride in a thousand million is electrolysed with 2 amperes 
for ten minutes, the solution being violently stirred. 

When only small quantities of fluid are available (for example, 
10 c.c. of urine) it is convenient to electrolyse, without stirring, in 
a small quartz dish for ten to fifteen minutes, using 0°2 ampere. 

It is thus possible to detect one part of mercuric chloride in 
one hundred million parts of urine, using only 10 c.c. of urine.* 

A number of attempts were made to see if this method of identi- 
fication could be rendered quantitative, micro-sublimation not being 
satisfactory when dealing with such very small quantities of 
mercury. 

It was hoped that a method based on the intensity of the lines in 
the spectrum, or the rate at which they disappeared when the Dupré 
tube was continuously exhausted might prove available, but up to 
the present all attempts to develop this have been unsatisfactory. 

Among the various observations made on dilute solutions of 
mercury salts are the following :— 

(1) Very weak solutions (1 in 100,000,000) do not ‘“‘ keep”’ well 
in soft glass, or even in ignited quartz glass bottles. The addition 
of a few drops of dilute nitric acid effects no improvement. 

For example, an aqueous solution of one part of mercuric chloride 
in one hundred miliion, which gave a strong mercury spectrum when 
electrolysed just after being made up, gave no spectrum when kept 
in a closed quartz glass vessel at 30° for a week, and the same effect 
was noticed with urine containing mercury. 

If the closed quartz vessel is opened, the contents poured out, and 
the vessel repeatedly extracted with small quantities of concentrated 
nitric acid, the mercury, which appears to be adsorbed by the walls 
of the vessel, is brought into solution and can be identified by elec- 
trolysis as described above. 

Even a more concentrated solution (1 in 10,000,000) when kept in 
a closed quartz vessel and warmed for fifteen days, likewise de- 
posited all the mercury salt on the sides of the tube. The mercury 
on the sides of the tube was removed by repeated washing with con- 
centrated nitric acid and identified as above. 

(2) When working with very dilute solutions there is a marked 

* For example if 0-06 gram of mercuric iodide is injected intravenously, 


mereury can be detected up to three days in the urine. After three days 
there is less than one part of mercury in one hundred million parts of urine. 
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loss of mercury when the solution is evaporated even in a quartz dish 
alone or in the presence of nitric acid, hydrochloric acid and potass. 
ium chlorate, or potassium permanganate and sulphuric acid. 
Hence attempts to increase the delicacy of the reaction by concen. 
trating extremely dilute solutions are not very successful. The 
most delicate method is to use a large volume of the liquid jn 
question and stir well while electrolysing. This is much more 
sensitive than the Wolff-Schneider method (Witthaus, “ Toxico. 


logy,” p. 779). 


£ Govr. Anatyst’s LABORATORY, 
CotomBo, CEYLON. [Received, December 4th, 1916.] 


XXVI.—The Action of Bromine Water on Ethylene. 


By Joun Reap and Marcaret Mary WILLIAMs. 


AutuoucsH chloro- and bromo-hydrins may often be produced by 
direct addition of hypochlorous and hypobromous acid to the 
corresponding unsaturated compound, according to the general 


scheme 


>O:C< + HOX = >C(0H):0X<, 


the method does not appear to have found any very extensive use. 
This fact is probably due as much to the tedious nature of the 
operations involved as to the unsatisfactory yields afforded by the 
method. In the latter connexion, it may be noted that the 
material resulting from the reaction appears always to include a 
certain amount of the dihalogen additive product, formed through 
the partial decomposition of the hypochlorous or hypobromous 
acid with production of free halogen. 

The acid employed in the reaction is usually prepared by the 
action of the free halogen on freshly precipitated mercuric oxide 
in the presence of water, and, as a rule, the most favourable con- 
ditions are secured by working in the dark or in diffused light with 
ice-cooled acid varying in strength from 1 to 3 per cent. 

In the important and interesting case of ethylene, Carius 
(Annalen, 1863, 126, 197) found that alkaline hypochlorite has 
little action, whereas aqueous hypochlorous acid reacts rapidly, 
giving a yield of ethylene chlorohydrin with Butlerow (Annalen, 
1866, 144, 40) estimated at 33 per cent. of the amount theoretic- 
ally possible. Subsequent investigations by Mokiewsky (J. Russ. 
Chem, Soc., 1898, 80, 900) indicate that hypobromous acid reacts 
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more rapidly and gives a better yield than hypochlorous acid, 
amounting in some instances to as much as 60 per cent. of the 
quantity theoretically possible. 

In view of the satisfactory yield of ethylene bromohydrin 
furnished by the direct addition, under appropriate conditions, of 
hypobromous acid to ethylene, it appeared important to ascertain 
whether the objectionable features of the method could be over- 
come. The work described in this paper was accordingly carried 
out with a view to avoid the use of mercuric oxide in the prepara- 
tion of the requisite hypobromous acid, and thus eliminating the 
subsequent precipitation of the mercury with potassium sulphide; 
and, in addition, it was sought to reduce the large quantities of 
liquid rendered necessary by the employment of previously pre- 
pared solutions of the acid at the high dilutions indicated above. 

In seeking to arrive at a suitable modification of the process, a 
reaction utilised by Pope and Read (T., 1912, 101, 760) for the 
preparation of bromohydroxyhydrindene from indene was recalled. 
This amounted, in effect, to the addition of hypobromous acid to 
indene by agitating the hydrocarbon with successive quantities of 
bromine water, a yield of 85 per cent. of the additive product 
being readily obtained in this simple manner. 

It appears doubtful whether the action of bromine water on 
ethylene has been previously investigated; in all the available 
references to the reaction, the assumption seems to be that the 
sole product is ethylene dibromide. The experiments outlined 
below, however, demonstrate that when ethylene is passed through 
bromine water cooled to about 0°, a yield of ethylene bromohydrin 
is obtained practically equal to that quoted by Mokiewsky as 
furnished by the cumbrous mercuric oxide method. As an ex- 
ample, in one experiment, in which the volume of water employed 
was only 500 c.c., 200 grams of bromine gave 85 grams of ethylene 
bromohydrin and 88 grams of ethylene dibromide, the yield of the 
former substance being 54°4 per cent. of the amount theoretically 
possible. The two products are easily separable in presence of 
water, and the reaction thus provides a very effective and 
expeditious method for the preparation of ethylene bromohydrin. 


ExPERIMENTAL. 


1. The well-washed ethylene, generated from alcohol and syrupy 
phosphoric acid, was passed into an ordinary wash-bottle cooled in 
ice-water and containing 7°2 grams of bromine dissolved in 500 c.c. 
of water. After complete absorption of the bromine, a fresh por- 
tion, equal in amount to the first, was added; the process was con- 

L*® 


242 READ AND WILLIAMS: 


tinued, with frequent and vigorous agitation, until a total weight 
of 200 grams of bromine had reacted. The lower layer of 
ethylene dibromide which was formed during the process was 
separated, washed with water, and dried over sodium sulphate. 
It weighed 88 grams, and on distillation passed over between 129° 
and 135°. After neutralising with sodium carbonate and 
saturating the aqueous layer with common salt, the ethylene bromo. 
hydrin was extracted from it by shaking with two successive quanti. 
ties of 100 c.c. of ether; from the extract, dried over sodium 
sulphate, the ether was distilled through a column. The bulk of 
the residual liquid, which weighed 85 grams, distilled between 145° 
and 149°. The identity of the two products was checked by means 
of bromine estimations. 

Assuming that hypobromous acid is produced in accordance with 
the scheme HOH + Br, = HBr+HOBr, it follows that 54:4 per 
cent. of the bromine is utilised in the formation of ethylene bromo- 
hydrin, and that 37°5 per cent. is converted into ethylene 
dibromide. The total amount of hydrogen bromide produced in 
the reaction, as ascertained by titration with silver solution, was 
70°0 grams; it thus appears that practically the whole of the 
remaining 8°1 per cent. of bromine is accounted for by the decom- 
position of hypobromous acid into hydrogen bromide and oxygen. 

2. Decomposition of the hypobromous acid in the manner 
indicated would probably be avoided to some extent by using 
bromine at greater dilutions ; but, as the percentage of free bromine 
to water was never above 1°5, it appeared undesirable to dilute 
further. The point was tested, however, by adding the bromine 
in identical amounts (7°2 grams) to half the amount of water 
(250 c.c.), the concentration of bromine being thus doubled; in 
this case only 45 per cent. of the bromine was utilised for the pro- 
duction of bromohydrin and 35 per cent. for dibromide, whilst 
practically the whole of the remaining 20 per cent. was converted 
into hydrogen bromide as before. Concentrating the bromine 
water, therefore, results in diminishing the yield of bromohydria, 
whilst the amount of dibromide produced is substantially the same 
as before., 

3. A prime factor governing the ratio between the amounts of 
bromohydrin and dibromide produced in any particular case will 
be the relative ease with which the unsaturated compound unites 
with hypobromous acid and bromine respectively. The relation- 
ships may be represented schematically in the following manner: 


HOH + Br, — HOBr+HBr 


C,H, Br, C,H,Br-OH 
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In the case of indene, which readily yields a high percentage of 
promohydrin, it is evident that the ratio of the two reaction veloci- 
ties involved is more favourable to bromohydrin formation than 
in the case of ethylene. 

4, Connected with the foregoing consideration is the question of 
the velocity of formation of hypobromous acid from bromine and 
water, and the consequent removal of free bromine from the sphere 
of action. It seemed possible that the addition of calcium 
carbonate, by promoting the formation of hypobromous acid, might 
enhance the yield of bromohydrin. The relationships concerned 
are illustrated below: 


HOH + Br, — HOBr+ HBr —> CaBr, 


Y v 
C,H,Br, C,H,Bi-OH 


Under the conditions laid down in (2), however, although the 
addition of calcium carbonate resulted in a more rapid absorption 
of the ethylene, the yield of bromohydrin fell from 45 to 32 per 
cent., whilst the yield of dibromide remained almost unaltered at 
34 per cent. 

Similarly, under the conditions obtaining in (1), the addition 
of a molecular proportion of sodium hydrogen carbonate with the 
bromine depressed the yield of bromohydrin from 54°4 to 34 per 
cent. The yield of dibromide simultaneously produced was 37 per 
cent. In both cases the balance of the bromine was found in the 
aqueous layer as bromide. 

It would thus appear that any attempt to accelerate the rate of 
formation of the hypobromous acid is ineffective in increasing the 
yield of bromohydrin, owing to the increased tendency of the acid 
to decompose into hydrogen bromide and water. It is conceivable, 
however, that an acceleration of the rate of formation of the hypo- 
bromous acid might be rendered effective by accelerating in turn 
the gross rate of absorption of the ethylene, as, for example, by 
dispersing the gas in the liquid so as to obtain a much larger active 
surface, 

5. The yield of bromohydrin was materially less when the opera- 
tion was conducted at the ordinary temperature; the process is 
thus favoured by working in the cold. 

6. During the course of the work, it was noticed that solid 
calcium chloride was dissolved when allowed to remain in contact 
with the bromohydrin. The observation suggested the existence 
of a compound of calcium chloride with the bromohydrin which 
might possibly be of use in purifying the substance. When a 
quantity of the bromohydrin is saturated with calcium chloride 
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at the water-bath temperature, and then allowed to cool, crystals 
of the supposed additive product separate from the solution, but 
owing to the extreme ease with which the material is decomposed 
by moist air, no satisfactory analytical results were obtainable. 
The substance is decomposed by water, with production of the 
bromohydrin ; when free from water, it does not appear to undergo 
decomposition at 100°. 
Further investigations of a related character are in progress. 


DEPARTMENT OF ORGANIC CHEMISTRY, 
UNIVERSITY OF SYDNEY. [ Received, March 5th, 1917.] 


XXVII.—Trimethyl Glucose from Cellulose. 


By Witi1am Smita Dennam and Hitpa Woopnovse. 


Or the various methylated glucoses obtained on the hydrolysis 
of methylated cellulose (Denham and Woodhouse, T., 1913, 108, 
1735; 1914, 105, 2357), the most characteristic is a crystalline 
trimethyl glucose, a knowledge of the disposition of the methy! 
groups in which evidently promises an insight into the linking of 
the hexose residues in cellulose. The discovery of “ y-glucose” 
and its derivatives has given this methylated sugar a special 
interest, and has at the same time revealed a greater complexity 
in the problem presented by its constitution, for a tacit assumption 
of the existence of a butylene—-oxide linking is no longer possible, 
and it becomes necessary first of all to refer the sugar to its proper 
type with respect to the ring-forming oxygen atom. The results 
of a first essay to determine the constitution of this trimethyl 
glucose are now communicated, although the evidence is incom- 
plete, since our collaboration is meanwhile interrupted. 

There are theoretically possible four pairs of isomeric trimethyl 
glucoses possessing the butylene oxide structure : 


© vee —CH-OH 
\ 
CH-OMe 


| 
| 
} 


GH-OMe GH-OMe 

| 1 

CH,-OMe CH,-OH 
(L.) (IL) 


TRIMETHYL GLUCOSE FROM CELLULOSE. 245 


Taking account of the fact that the trimethyl glucose from 
cellulose does not form an osazone (which excludes I), and of the 
constitutional formule then ascribed to the trimethyl glucoses pre- 
pared synthetically by Irvine and his collaborators, it was tenta- 
tively assumed in a previous communication (T., 1914, 105, 2361) 
that either formula III or formula IV should be given to the 
compound derived from cellulose. From evidence which has in 
part been published, and from further information kindly given 
us by Professor Irvine, it now appears that whilst the trimethyl 
glucose prepared from methyl glucoside by Irvine and Dick * has 
definitely the structure represented by formula II, the sugar pre- 
pared from glucosemonoacetone, to which formula I was formerly 
assigned, belongs to the group of “ y-glucoses.” Already in 1913 
Irvine and Scott (T., 1913, 108, 575) remarked on the abnormal 
character of the trimethyl glucose prepared by them from glucose- 
monoacetone, a compound which, as pointed out by Irvine and 
Macdonald in a later investigation (T., 1915, 107, 1703), may be 
a derivative, not of butylene—oxidic glucose, but of “ y-glucose.” 
The remarkable capacity of “y ”-methylglucoside and of the tetra- 
methyl “y”-glucose prepared from it for reducing an alkaline 
solution of potassium permanganate in the cold, discovered by 
Irvine, Fyfe, and Hogg (T., 1915, 107, 526), is shown also by the 
trimethyl glucose derived from glucosemonoacetone, but the 
isomeric sugar obtained from cellulose does not possess this 
property, in which respect it resembles tetramethy] a-glucose. 
Again, the conversion of tetramethyl “y’’-glucose into the corre- 
sponding methylglucoside in the presence of 0°25 per cent. of 
hydrogen chloride proceeds much more rapidly than that of tetra- 
methyl a-glucose under parallel conditions (Irvine, Fyfe, and Hogg, 
T., 1915, 107, 529). In this respect, again, the trimethyl glucose 
derived from cellulose differs from the “ y-glucoses,” and in the 
slowness of its reaction resembles tetramethyl a-glucose. It should 
be remarked also that the uncrystallised syrups separated from 
the crude product of hydrolysis of methylated cellulose, which are 
probably mixtures of mono-, di-, and tri-methylated glucoses, are 
likewise sluggish in their action on an alkaline solution of 
potassium permanganate. It appears, therefore, that the methyl- 
ated sugars from cellulose are to be classed with the butylene-oxide 
type of glucose. This view, whilst in harmony with that of Fischer 
(Ber., 1914, 4'7, 1983) regarding cellobiose, which, from its behaviour 
towards enzymes, he considers to stand nearer to the crystalline 
methylglucosides, cannot, meanwhile, be claimed to imply neces- 


* This research is so far unpublished, but see Purdie and Bridgett, T., 
1903, 83, 1037. 


DENHAM AND WOODHOUSE : 


sarily the existence of the same linking in the parent cellulose, for 
rearrangements of the oxygen linkings on or after hydrolysis are 
conceivable, with the formation of more from less stable systems, 
According to Haworth and Law (T., 1916, 109, 1314), such 4 
transformation may occur on the hydrolysis of sucrose, the first 
liberated “ y-fructose,”’ evidence for the existence of which is dis. 
cussed by Irvine and Robertson (T., 1916, 109, 1305), afterwards 
undergoing transformation into ordinary or butylene-oxidic 
fructose. 

The reference of the trimethyl glucose to the butylene-oxide 
type reduces again the number of possible structural formule to 
the four already given, of which I is negatived by the failure of 
the sugar to form an osazone, and II by its lack of identity with 
the sugar of this constitution prepared by Irvine and Dick. The 
oxygen linking in “ y-glucose” is probably ethylenic (Irvine, Fyfe, 


and Hogg, T., 1915, 107, 532), but if the trimethyl] glucose actually 
isolated after the hydrolysis of methylated cellulose is a secondary 
product, its original was probably not of the ethylene-oxide type. 
If it were, a methylated sugar of formula I would be produced: 


OMe-CH,CH(OMe)-CH(OH)-CH(OMe):CH-CH-OH —> 


0 
OMe-CH CH (OMe)-OH-CH (OMe)-CH(OH)-0H-0H. 
oO 

and this formula, as just pointed out, does not represent the 
properties of the cellulose derivative. The selection lies between 
III and IV, and the trimethyl glucose might therefore be obtained 
by rearrangement from a sugar containing an amylene-oxide ring, 
which would give III, or from one containing a propylene-oxide 
ring, which would give IV; but the discussion of these possibilities 
may be deferred pending a fuller knowledge of the highly reactive 
“y ”-sugars. 

The method adopted to discriminate between the formule III 
and IV was to subject the sugar to the cyanohydrin synthesis, in 
the expectation of preparing a trimethyl glucoheptonic acid, which, 
if derived from IV, should yield a lactone, since the y-position in 
the heptonic acid would not be methylated, whilst, if the trimethyl 
glucoheptonic acid were derived from III, the formation of 4 
y-lactone is not to be expected : 

See 
OMe:CH,*CH(OH):-CH-CH(OMe)-CH(OMe)-CH:OH —> 
(III.) 


OMe-CH,-CH(OH)-CH(OH)-CH(OMe)-CH(OMe)-CH(0H)-00,# 
(V.) 
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0 

| 

0Me-CH,-CH (OMe)-CH-CH(OH)-CH(OMe)-UH-OH —> 
(IV.) 


i 
(Me-CH,-CH(OMe)-CH(OH)-CH(OH)-CH(OMe)-CH(OH):CO,H 
(VI) 


The event showed that an acid was formed which, on titration, 
behaved as if partly lactonised, but that the methoxyl content cf 
the dried compound corresponded with that, not of a tri-, but of a 
dimethyl glucoheptonolactone. Demethylation had _ therefore 
occurred. There is no evident reason for the demethylation of the 
heptonic acid (formula VI) derived from a trimethyl glucose 
possessing the structure represented by formula IV, but the forma- 
tion of a lactone from the acid (formula V) derived from a 
methylated glucose of formula III would require the elimination 
of the elements of methyl alcohol. Lactonisation by demethyl- 
ation is not in itself improbable, and the possibility of similar 
reactions must perhaps be considered in the deduction of the con- 
stitution of the complex carbohydrates from the products of hydro- 
lysis of their methylated derivatives. Some instances of reactions 
similar in principle, although opposite in direction, are quoted by 
Walker (Ber., 1893, 26, 1492), and the migration of alkyl groups 
during the distillation of ether acids has been frequently observed 
(compare Pollak and Feldscharek, Monatsh., 1908, 29, 139). 
There was not sufficient material for the complete purification and 
complete analysis of the lactone isolated, but, assuming that more 
fundamental changes had not occurred in it and that dimethyl 
glucoheptonolactone was in fact obtained, the above reasoning, 
although not altogether conclusive, indicates that formula III, 
SCRE CHORE) CHE CR(e CCU) CeO, best repre- 

O 


sents the structure of the trimethyl glucose derived from cellulose. 


EXPERIMENTAL. 
Condensation of Trimethyl Glucose with Hydrogen Cyanide. 


The modified method employed by Fischer in numerous syntheses 
was followed. 2°5 Grams of trimethyl glucose were mixed with 
10 c.c. of distilled water which contained a trace of ammonia, 1 c.c. 
of anhydrous hydrogen cyanide was added, and the mixture was 
allowed to remain for seven days in a stoppered bottle, which was 
shaken occasionally. The resultant dark brown solution was 
diluted with water and then heated on the water-bath to remove 


248 DENHAM AND WOODHOUSE: 


hydrogen cyanide, the water which evaporated being replaced from 
time to time. After filtration from brown decomposition products, 
an excess of barium hydroxide was added, and the mixture was 
again heated until the odour of ammonia had vanished. The 
barium was next precipitated exactly with sulphuric acid, and the 
filtrate, after concentration on the water-bath, was heated in a 
vacuum until dry. The crude product, a brown syrup, weighed 
1°6 grams, and contained some solid, brown matter. It did not 
dissolve in ether, but dissolved readily in acetone, in which much 
of the brown substance remained undissolved. The acetone solu- 
tion was further purified by addition of ether and decantation 
from the precipitate which formed. The syrup left on evaporation 
of the acetone did not crystallise, however, even after several 
weeks. Further purification was therefore effected by reconverting 
the acid into the barium salt and washing the dried salt with 
acetone. The liberated acid was further purified by means of 
animal charcoal, and the dried syrup was dissolved in 100 cc. of 
water (some brown matter remained undissolved) and titrated 
with a standard solution of barium hydroxide, using phenol- 
phthalein as indicator. The solution behaved like one containing 
a lactone. After about 7 c.c. of the alkali had been added, the 
colour of the indicator persisted, but disappeared on boiling. 

The solution of barium salt obtained in the titration was recon- 
verted into the acid, which was further purified in a manner 
similar to that already described. A portion of the syrup was 
again titrated with alkali, when the behaviour characteristic of a 
mixture of acid and lactone was again observed: 


0°1422 required 5°55 c.c. WV /10-barium hydroxide, whereas this 
weight of a compound, C,H,,0,, requires 6°03 c.c. V/10-barium 
hydroxide. 


0°0880 gave 0°1570 AgIl. OMe=23°6. 
00749 ,, 01245 AgIl. OMe=22°0. 
C,H,,0, requires OMe=26°3 per cent. 


Condensation of Trimethyl Glucose with Methyl Alcohol. 


The following readings of the alterations in rotatory power of 
an approximately 1 per cent. solution of the sugar in methyl alcohol 
containing 0°25 per cent. of hydrogen chloride were made at 15°, 
and are compared with the observations made under similar con- 
ditions by Irvine, Fyfe, and Hogg (T., 1915, 107, 538) for tetra- 
methyl y-glucose and for tetramethyl a-glucose. The specific rota 
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tions are calculated on the concentration of the sugar originally 


present : 


0:2182 Gram of Trimethyl Glucose Dissolved in 25 c.c. of Methyl 
Alcohol containing 0°25 per cent. of Hydrogen Chloride. 
Time Trimethyl Tetramethyl Tetramethyl 


from glucose a-glucose. -glucose. 
first from (Irvine, Fyfe, and Hogg.) 


reading. a 


0 Minute 
2 Minutes 
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RP) tote | Rewari 
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a 


(Incomplete 
in 
30 days.) 


The speed of condensation of trimethyl glucose with acid methyl 


alcohol thus resembles that of tetramethyl a-glucose under similar 
conditions so closely as to confirm the idea that the sugars belong 
to the same type. This is supported, as already noted, by the 
behaviour of trimethyl glucose towards potassium permanganate. 
In neutral solution the sugar is stable, and, even on addition of 
sodium carbonate, the colour of the oxidising agent is discharged 
only slowly. This behaviour offers a sharp contrast to that of the 
isomeric trimethyl glucose obtained from glucosemonoacetone, where 
the colour of the permanganate is discharged instantaneously, and 
is precisely similar to that shown by tetramethyl a-glucose. 


The authors express their indebtedness to the Carnegie Trust for 
a research grant. 
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XXVIII.—The Le Chatelier-Brain Principle. 
By Lorp Rayteticn, O.M. 


In a paper with the above title, Ehrenfest (Zeitsch. physikal, 
Chem., 1911, 77, 2) has shown that, as usually formulated, the 
principle is entirely ambiguous, and that nothing definite can be 
stated without a discrimination among the parameters by which 
the condition of a system may be defined. The typical example 
is that of a gas, the expansions and contractions of which may be 
either (a) isothermal or (8) adiabatic, and the question is a com- 
parison of the contractions in the two cases due to an increment 
of pressure 5p. It is known, of course, that if 5p be given, the 
contraction |5v| is less in case (8) than in case (a). The response 
of the system is said to be less in case (8), where the temperature 
changes spontaneously. But we need not go far to encounter an 
ambiguity. For if we regard Sv as given instead of 5p, the effect 
5p is now greater in (8) than in (a). Why are we to choose the 
one rather than the other as the independent variable? 

When we attempt to answer this question, we are led to recognise 
that the treatment should commence with purely mechanical 
systems. The equilibrium of such a system depends on the 
potential energy function, and the investigation of its character 
presents no difficulty. Afterwards we may endeavour to extend 
our results to systems dependent on other, for example, thermo- 
dynamic potentials. 

As regards mechanical systems, the question may be defined as 
relating to the operation of constraints. A general treatment 
(Phil. Mag., 1875, [iv], 49, 218; Scientific Papers, Vol. I., p. 235. 
Also “Theory of Sound,” 1877, p. 75) shows that “the introduc- 
tion of a constraint has the effect of diminishing the potential 
energy of deformation of a system acted on by given forces, and 
that the amount of the diminution is the potential energy of the 
difference of the deformations.” 

“For an example, take the case of a horizontal rod clamped at 
one end and free at the other, from which a weight may be 
suspended at the point Q. If a constraint be applied holding 4 
point P of the rod in its place (for example, by a support situated 
under it), the potential energy of the bending done to the weight 
at Q is less than it would be without the constraint by the poten- 
tial energy of the difference of the deformations. And since the 
potential energy in either case is proportional to the descent of 
the point Q, we see that the effect of the constraint is to diminish 
this descent.” 
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It may suffice here to sketch the demonstration for the case of 
two degrees of freedom, the results of which may, indeed, be inter- 
preted so as to cover most of the ground. The potential energy 
of the system, slightly displaced from stable equilibrium at z=0, 
y=0, may be expresséd 
V =4hax? + bry + hey’, 
where, in virtue of the stability, a, c, and ac—b6? are positive. 
The forces X, Y, corresponding with the displacements z, y, and 
necessary to maintain these displacements, are: 
X=dV /dx=ar + by, ¥ =dV /dy=bx+ cy. 

If only X act, that is, if F=0, y= —bz2/c, and 

es ae 

a Ble 
This is the case of no constraint. On the other hand, if y is con- 
strained to remain zero by the application of a suitable force Y, 
the relation between the new « (say 2’) and X is simply 


Thus 


a a | « ?. 

x ac 
so that x’, having the same sign as 2, is numerically less, or the 
effect of the constraint is to diminish the displacement «2 due to 
the force X. An exception occurs if }=0, when «=X/a, what- 
ever y and Y may be, so that the constraint has no effect. 

An example, mentioned by Ehrenfest, may be taken from a 
cylindrical rod of elastic material subject to a longitudinal 
pressure, X, by which the length is shortened (x). In the first 
case the curved wall is free, and in the second the radius is pre- 
vented from changing by the application of a suitable pressure. 
The theorem asserts that in the second case the shortening due to 
the longitudinal pressure X is less, in virtue of the constraint 
applied to the walls. 

Returning to the compressed gas, we now recognise that it is 
the pressure 5p which is the force and —8v the effect, correspond- 
ing respectively with X and z of the general theorem. But we 
may still feel a doubt as to which is the constrained condition, the 
isothermal or the adiabatic, and without a decision on this point 
no statement can be made. It is, however, evident that if the 
general theorem is applicable at all, the adiabatic condition must 
be regarded as the constrained orie, since the response is to be 
diminished by a constraint. 

The justification of this view does not seem difficult. The gas 
may be supposed to be confined in a cylinder under a piston, and 
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the walls of the cylinder may be taken to be so massive as to 
control the temperature of the gas when undergoing slow altera. 
tions of volume. The necessary interchanges of heat take place 
of themselves, and the condition is one of freedom from constraint, 
We pass to the adiabatic condition by prevefiting this accommoda- 
tion. The flow of heat may be stopped by the introduction of a 
non-conducting layer or in any other way, and the operation has 
the character of a constraint. Since the motion of heat in a con. 
ductor is due to differences of temperature, the former is assimilated 
to the displacement and the latter to the force of the purely 
mechanical problem. The same conclusion follows from a con- 
sideration of the thermodynamic potential. 

Instead of a gas we may take a vapour in contact with liquid, 
say steam in contact with water. The pressure is now a function 
of temperature only, so that if the pressure is increased while the 
temperature remains unchanged, the whole of the steam is con- 
densed, and the volume is greatly reduced. If by a constraint the 
outward passage of heat is prevented, the temperature rises and 
the reduction of volume soon ceases, in accordance with the 
principle. 

Or again, we may suppose that the temperature is raised by a 
given amount, in the first case under constant pressure (no con- 
straint), or, secondly, under constant volume, namely, with con- 
straint. The passage of heat is less in the second case. 

Electrostatic problems, governed by a potential energy function, 
are seen to be included under those of ordinary mechanics. 
Imagine two conductors, near enough to influence one another, of 
which the first can be connected with a battery (the other pole of 
which is earthed), whilst the second can be connected directly to 
earth. In the first case (of no constraint), the second conductor 
is earthed, and a certain charge enters the first conductor as the 
result of the battery contact. In the second case, the earth con- 
nexion of the second conductor is broken before battery contact is 
made. The breaking of this contact introduces a constraint, and 
the charge on the first conductor is reduced. In all such problems 
potential corresponds with force and charge corresponds with dis 
placement. 

In problems relating to steady electric currents maintained 
against resistance, the dissipation function takes the place of the 
energy function. If an electromotive force act on any branch of 
a network of conductors, it generates less current, and accordingly 
does less work, when an interruption occurs, as by breaking a con- 


tact in any part of the system. 
(Received, March 21st, 1917.] 
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XXIX.—The Structure of Inorganic Compounds. 


By Samuet Henry Cuiirrorp Brices. 


In a former paper (T., 1908, 98, 1564), an attempt was made to 
devise formule for complex salts based on the old conception 
of duplex affinity. 

It was assumed that every element possesses both positive and 
negative affinity, and that atoms may be united to each other by 
either one or both affinities at the same time. Thus it was sup- 
posed that ionisable atoms are united by one kind of affinity only, 
the other being free, and therefore able to combine with molecules 
of the solvent, thereby bringing about dissociation. For example, 
the formula of dichlorotetrammine platinic chloride was written 


In this formula, the two ionisable chlorine atoms have free posi- 
tive affinity, whereas the non-ionisable chlorine atoms are united 
ta the platinum by both positive and negative affinity. In the 
same way, methane and ammonia were written 


=H 
«NH. 
=H 


For further details and for the reasoning involved in these 
assumptions, the original paper should be consulted. 

Since the date of the above-mentioned paper, many communica- 
tions on the electron theory of valency have appeared. Reference 
may be made to the numerous memoirs in the Journal of the 
American Chemical Society (1910—1916) by Fry, by Falk and his 
co-workers, by Bray and Branch, and by G. N. Lewis. 

In an important paper on “The Forces between Atoms and 
Chemical Affinity” (Phil. Mag., 1914, [vi], 27, 757), Sir J. J. 
Thomson divides chemical compounds into two classes, namely, 
those which have undergone “intramolecular ionisation” and those 
which have not, the former class being termed “ionic molecules.” 
Similarly, Bray and Branch (J. Amer. Chem. Soc., 1913, 35, 1443), 
and G. N. Lewis (ibid., p. 1448), distinguish between polar and 
non-polar compounds. 

These two classes of compounds correspond with the two types 
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of combination distinguished in the former paper (Briggs, loc. cit.) 


The compounds which have undergone intramolecular ionisation, 


the non-electrolytes, like methane, the formula of which, as written 
above, is identical with that required by Thomson’s theory. It 
therefore appeared interesting to make a further study of the hypo. 
thesis of duplex affinity from the point of view of the electron 
theory, and the results have been embodied in the present paper. 

It has been found possible to correlate many apparently dis. 
connected facts, and to furnish simple explanations for a number 
of somewhat obscure phenomena, so that the century-old concep- 
tion of duplex affinity would still appear to be worthy of the 
attention of those chemists who are interested in the structure of 
inorganic compounds. 

In addition to the distinction between positive and negative 
affinity referred to above, a further distinction between primary 
and secondary affinity is made in this paper. It has been found 
convenient to divide the paper into a number of sections with 
the following headings: “Positive and Negative Affinity,” 
“Primary and Secondary Affinity,” “The Nature of Secondary 
Affinity,” ‘Ammonia and Ammonium Salts,” “ Acids and Bases,” 
“ Ephraim’s Researches on the Stability of Compounds of Ammonia 
with Metallic Salts,” and “ Polymerisation.” 


Positive and Negative Affinity. 


In approaching the question of duplex affinity from the point 
of view of the electron theory, we may take a salt, AB, dissociating 
into a cation A+ and an anion B’, the formula of which would be 
written -+ 4 — B -, on the principles described in the former 
paper, the compound being produced by the saturation of the posi- 
tive affinity of A by the negative affinity of B. The dotted lines 
represent the unsaturated negative affinity of A and the un- 
saturated positive affinity of B respectively, every atom being sup- 
posed to possess both positive and negative affinities. 

On the electronic theory, the formula would be written A — B, 
combination being produced by the transfer of an electron from 
A to B, whereby A becomes positively charged and B negatively 
charged. The two atoms therefore remain in combination, but 
are capable of electrolytic dissociation in solution into the ions 
A+ and B’. 

In terms of the electron theory, we may therefore attribute 
positive affinity to a tendency to lose electrons and negative affinity 
to a tendency to gain electrons. 
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Primary and Secondary Affinity. 


In the former paper, it was assumed that all atoms possess both 
kinds of affinity, positive and negative, and in many of the formule 
used the two types of affinity were active at the same time. In 
order to see how this arises, it is necessary to distinguish between 
primary and secondary affinity. For this purpose, we may consider 
the ammoniacal copper compounds. 

So far as we know, metallic copper is incapable of direct com- 
bination with ammonia molecules to give compounds of the type 
Cu,aN Hs. 

Cuprous chloride, however, can combine with a maximum of 
three molecules of ammonia to give (Cu3NH;,)Cl (8. J. Lloyd, 
J. Physical Chem., 1908, 12, 398), and cupric chloride with six mole- 
cules of ammonia to give (Cu6NH;)Cl,. These compounds may be 
formulated as follows: 


H,N— 
H,N—Cu—-Cl--- 
H,N— 


That is to say, the ammonia molecules are united to the copper 
by the saturation of the free positive affinity of the nitrogen in 
ammonia, -~ NHg3, by the negative affinity of the copper in the 
two salts; but since the copper atom alone (that is to say, in the 
elementary state, as in metallic copper) cannot combine directly 
with ammonia, it evidently does not possess negative affinity. 
Cuprous salts, however, can combine with ammonia, and cupric 
salts with a still larger quantity, as seen above; hence the copper 
atom, when it has lost an electron, develops negative affinity, and 
when it has lost two electrons the negative affinity becomes still 
more marked. It therefore follows that the negative affinity of 
the copper atom, by means of which the ammonia molecules are 
combined, is a secondary phenomenon, which only appears when 
the positive or primary affinity has come into play. The manner 
in which the secondary affinity arises is discussed in the next 
section. 

The relative strengths of the primary and secondary affinities 
vary very greatly in different combined elements and also in the 
diferent compounds of the same element. In a salt like potassium 
chloride, for example, —> K —- Cl —-, the negative affinity of the 
potassium atom (that is, its tendency to attract electrons) is very 
slight. The difference in intensity of the positive and negative 
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affinities appears to decrease as we proceed to the right in the 
periodic table of the elements until, in an amphoteric element like 
carbon, the primary and secondary affinities are of the same order 
of intensity. In truly non-polar compounds, such as carbon tetra. 
chloride and methane, indeed, they are equal in intensity but 
opposite in sign, as seen from the formule: 

Ci—,,.—Cl H>,.— 

o1=°=01 H=°=H ° 

On passing to the compounds of the elements in the higher 

groups, the difference in intensity again becomes marked, the 
negative affinity of the chlorine in -- K — Cl --+ being much 
greater than the positive affinity. 


The Nature of Secondary Affinity. 


The idea of primary and secondary affinity is not altogether 
new. Thus Werner distinguishes between ‘‘ Hauptvalenz” and 
“ Nebenvalenz”’ (see “Neuere Anschauungen auf dem Gebiete der 
anorganischen Chemie,’ 3rd ed., 1913). In _ certain cases, 
Friend assumes the existence of positive and negative valencies 
which can only be called out in pairs of opposite sign, like the 
neutral affinities of Spiegel (Zeitsch. anorg. Chem., 1902, 29, 365) 
and the electrical double valencies of Arrhenius (“Theorien der 
Chemie,” 1906) (see also Friend, “‘The Theory of Valency,” 2nd 
ed., 1915). The above general statement appears to include the 
principles enumerated by all these chemists, as will be more clearly 
understood from the examples cited beow. 

We may now discuss the question as to how the secondary 
affinity arises, taking the complex cobaltiammine compounds as an 
example. 

As shown by Werner an1 his co-workers, many of the complex 
cobaltiammine compounds contain quadrivalent cobalt (/oc. cit.). 
Hence, on entering into combination, the cobalt atom is able to 
lose at least four electrons (“ mobile corpuscles,’ Thomson). These 
four electrons, presumably, will all have equal values in the ur- 
combined cobalt atom, and consequently no one of the four should 
be given off in preference to the others. 

When cobalt combines with chlorine, the compound CoC, is 
produced, and this is the highest chloride of cobalt which is capable 
of separate existence. Suppose the four mobile corpuscles in the 
cobalt atom are denoted by the letters a, b, c, and d. In cobalt 
chloride, the cobalt atom has lost two electrons, a and }, one to 
each chlorine atom. The other two electrons, ¢ and d, are not lost 
when cobalt chloride is treated with a further amount of chlorine, 


nn 
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nce no chemical combination occurs. Therefore the force required 
to pull an electron from the cobalt combined in the chloride is 

ter than that required to pull an electron out of the uncom- 
bined cobalt afom. In other words, by combining with the two 
chlorine atoms, the cobalt atom has developed “a tendency to 
attract electrons,” that is, a negative affinity, the secondary nature 
of which is evident from the above reasoning. Suppose, now, that 
this secondary negative affinity is saturated by combining the 
chloride with some substance possessing secondary positive affinity, 
such as ammonia. We now obtain the compound 

(Co — 6NH;) — Cl. 

The force required to pull out a third electron, c, from the cobalt 
atom should now be diminished, and further combination with 
chlorine might be expected to take place. As a matter of fact, the 
compound (Co—6NH;) — Cl, is very readily oxidised, and the 
alt, (Co— 6NHs)— Cl;, is a very stable substance. The com- 
pound (Co 6NH;) —- Cl, is not known, but, as mentioned above, 
in many complex salts the cobalt atom has lost the fourth electron, 
d, and is quadrivalent. 

Attention should now be directed to a further point in con- 
nexion with the stability of the complex cobaltiammines. If the 
loss of two electrons develops a secondary negative affinity, then 
the loss of three electrons should develop a still greater secondary 
negative affinity, and consequently in the compound (Co6NH;)CI, 
the ammonia molecules should be much more firmly attached than 
in the compound (Co6NH;,)Cl,. This is quite in keeping with 
experience. The hexammine cobaltous salts are unstable and 
readily lose ammonia, whereas the hexammine cobaltic salts are 
very stable. 

From the above it is seen that when atoms combine by the 
saturation of primary affinity only, a transfer of electrons from 
atom to atom occurs, whereas when the secondary affinities are 
saturated, no such transfer of electrons takes place. Lodge 
(Nature, 1904, '70, 176) supposes that the electrons in an atom are 
not bound to the positive charge by “‘a single line of attraction 
or elastic thread,” but by a bundle of a very large number of 
lines of force, some of which may be loosened and act in a different 
direction from the bulk under the influence of other charges. If 
we apply this view to the complex cobaltiammines, we must first 
consider what takes place when nitrogen and hydrogen combine to 
form ammonia. It would appear, as a result of this combination, 
that some of the lines of force binding the electrons in the nitrogen 
atom to the positive nucleus are loosened, and have a tendency to 
attach themselves to other atoms. In the chloride, CoCl,, owing 
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to the loss of two electrons, the cobalt atom is in a suitable cop. 
dition to attract such loosened lines of force, giving the compound 
(Co6NH;)Cl,; in the hypothetical CoCl, this power of attraction 
is still further developed. 

If it is desired to distinguish between the saturation of the 
primary and secondary affinities in formulating a complex com. 
pound, this can be readily done by drawing a thick line to repre- 
sent the saturation of the primary affinities, with an arrow-head 
pointing in the direction in which the transfer of the electron has 
taken place; the saturation of the secondary affinities is then 
indicated by a thin line with an arrow-head showing the direction 
of the lines of force which pass from an electron or electrons in 
one atom to the positive nucleus of another. Thus we may write 
the formula of hexammine cobaltic chloride 


This formula indicates that the cobalt atom has lost three 
electrons, one of which has gone to each chlorine atom, and that 
electrons in the nitrogen atoms are united by an indefinite number 
of lines of force to the positive nucleus of the cobalt atom. 

Coming now to the compounds containing fewer than six mole- 
cules of ammonia, it must be remembered that in chloropent- 
ammine cobaltic chloride one atom of chlorine is combined differ- 
ently from the other two, the chlorine atom in the chloropentammine 
cobaltic radicle, (Cosna,) being non-ionisable, and therefore not 
giving the ordinary reactions for chlorine in solution. Hence, 
although all the chlorine atoms in hexammine cobaltic chloride 
undergo electrolytic dissociation in solution, in chloropentammine 


cobaltic chloride, (Cosy 11, Ol» only two of the chlorine atoms behave 


in this way. Again, in the dichlorotetrammine cobaltic compounds 
two chlorine atoms are united with the cobalt in non-ionisable 
union, and in trichlorotriammine cobalt, (Conn ) none of the 
8 
chlorine atoms is ionisable. ' 
Thomson (loc. cit.) distinguishes two types of chemical combina- 
tion between atoms, one in which the attractive force is not 
sufficient to pull an electron out of the positive atom, and the 
other in which electrons are transferred fram the positive to the 
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negative atom. In the first type of compounds the atoms are not 
charged, as the number of tubes of force which enter the positive 
nucleus of an atom is equal to the number of tubes of force which 
leave the atom. In the second class of compounds the atoms are 
charged, a transfer of electrons having taken place; if all the mobile 
corpuscles have been pulled out of the positive atom, then the 
number of tubes of force is halved compared with the first class 
of compounds, as the corpuscles which have been transferred have 
taken with them all the tubes of force which left the atom, and 
therefore the only tubes of force remaining between the two atoms 
are those which pass from the negative atom to the positive nucleus 
of the positive atom. The second type of compounds is dis- 
tinguished by high intrinsic pressure, surface tension, and dis- 
sociating power, whereas the first type does not possess these 
characteristics. 

It is clear that the non-ionisable chlorine atom in chloropent- 
ammine cobaltic chloride is an example of the first type of com- 
bination (compare J. J. Thomson, loc. cit., p. 770, on platinum 
compounds), whereas the three ionisable chlorine atoms in hex- 
ammine cobaltic chloride, and the two ionisable chlorine atoms in 
chloropentammine cobaltic chloride are instances of the second 
type. 

We can now formulate these substances as compounds of charged 
ions, with the arrow-heads pointing, as before, from positive to 
negative, that is, away from the atom which the lines or tubes of 
force leave and towards the atom into the positive nucleus of 
which the lines of force penetrate. Hexammine cobaltic chloride 
is thus represented by (V) and chloropentammine cobaltic chloride 
by (VI). From (VI) we see that the non-ionisable acid radicles in 
co-ordinated compounds are combined with the central atom by 
both positive and negative affinity simultaneously, as was suggested 
in the former paper on this subject (T., 1908, 98, 1564). In the 
formula for hexammine cobaltic chloride (V), the arrow-heads 
representing the lines of force which unite the cobalt to the 
ammonia and the chlorine all point in one direction, that is, 
towards the cobalt. Ammoniacal compounds of metallic salts are 
sometimes spoken of as being produced by the saturation of a 
“residual affinity”’ possessed by the metal after combination with 
the acid radicle has occurred, and if we write such compounds as 
combinations of charged ions, we see from the formula for hex- 
ammine cobaltic chloride that this point of view is fully justified. 

The two series of formule which have been derived above, and 
which we may term “atomic” and “ionic” formule respectively, 
should be clearly distinguished : 
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(1) Atomic formule. 


H,N— 

H,N—_, —Cl 

H,N—©°_.cl—- 

H,N— —Ci--- 

H,N— 

(II.) 
Hexammine cobaltic Chloropentammine 

chloride. cobaltic chloride. 

H,N— =Cl 

H,N—Co—Cl 

H,N— =Cl 

(IV.) 


Dichlorotetrammine cobaltic Trichlorotriammine cobalt. 
chloride. (Non-ionisable. ) 


(2) Ionic formule. 


H,N— 
H,N—, ,=>Cl 
H,N—(Co —CI’ 
H,N— —Cl’ 
H,N— 


. (VI.) 
Hexammine cobaltic Chloropentammine cobaltic 
chloride. : chloride. 


a H,N— —Cl 
aie _Car20t H,N—Co=—Cl 
*” (VIL) (IV.) 


Dichlorotetrammine cobaltic Trichlorotriammine cobalt. 
chloride. (Non-ionisable. ) 


It appears to be a general rule that the secondary affinity of an 
element increases with increase in the primary affinity, as shown 
above in the case of cobalt. Thus the platinous salts combine 
with four molecules of ammonia and the platinic salts with six 
molecules. 

Ammonia and Ammonium Salts. 


In the former paper, the formula of ammonia was written 
—H 
-—NH. 
=H 
This formula was based on the considerations that (1) the 
hydrogen atoms do not undergo electrolytic dissociation in solu- 
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tin, and therefore have both positive and negative affinities 
gturated, and (2) ammonia can combine with metallic salts by 
means of the secondary negative affinity of the metal; hence the 
nitrogen atom in ammonia possesses free positive affinity. 

If, now, the combination of nitrogen with three atoms of 
hydrogen gives a compound in which the nitrogen has free positive 
afinity, the union of nitrogen with four atoms of hydrogen should 
give a compound in which the free positive affinity is still greater. 
We find, indeed, that in the hypothetical ammonium _ 
=H 
—H 
=H ° 
—H 
the free positive affinity (that is, the tendency to lose electrons) 
is so great that ammonium is known only as the cation, NH"*,, the 
nitrogen atom of which has lost an electron; the compounds of 
ammonium also closely resemble the compounds of the most electro- 
positive metals. The passage from ammonia to ammonium salts is 
an interesting example of the neutral affinities of Spiegel (Zoc. cit.), 
and also of Friend’s valencies, which are active in pairs of opposite 
sign (loc. cit.). 

From the above, we arrive at the following formula for 
ammonium salts, the chloride being taken as an example: 


—N 


This formula satisfies the requirements of those chemists who 
hold that in ammonium salts the four valencies of the nitrogen 
attached to hydrogen are different from the fifth (see, inter alia, 
Komatsu, Mem. Coll. Sci. Kyoto Imp. Univ., 1916, 1, 303). 


Acids and Bases. 


The characteristic property of acids is their power of electrolytic 
dissociation with the production of hydrogen ions. The degree of 
dissociation varies between very wide limits, and as instances of 
extreme cases we may take hydrochloric acid, which is almost com- 
pletely dissociated on the one hand, and hydrocyanic acid, which 
is scarcely dissociated at all on the other. 

According to the principles developed in the previous paper on 
this subject, we should write the formula for hydrochloric acid 
~*H--Cl--+, and for hydrocyanic acid HCN. 
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Ignoring unsaturated affinity, we may write the general formula 

for an acid as follows: 

HX (where—=z and~—=y), 
x being the strength of the saturated primary affinities and y the 
strength of the saturated secondary affinities. Now if y=0, we 
have a case of the very strongest type of acid completely dis. 
sociated in solution. If, on the other hand, z=y, then we have 
a “non-polar compound” in which the atoms are electrically 
neutral, and incapable of electrolytic dissociation. 

It is well known that the power of complex formation is most 
strongly developed in the weakest acids, such as hydrocyanic acid, 
and the reason for this is evident from the above argument, because 
the weakest acids are those in which the secondary affinity of 
the negative part of the molecule is most strongly defined, and 
is therefore the most able to form stable combinations with the 
secondary affinity of positive atoms. Suppose, now, that the 
secondary affinity of X in such a weak acid, HX, is completely 
saturated by combination with a molecule, M, to give a complex 
acid, HXM. The formula for this complex acid will be written 
--» H—» XM, and it will evidently be a strong acid, as the value of 
y is now zero. We see, therefore, that when a weak acid enters 
into complex formation, the complex acid produced is a stronger 
acid than the acid from which it is derived. This explains why 
hydrogen ferrocyanide, hydrogen ferricyanide, and hydrogen 
cobalticyanide are strong acids, although hydrogen cyanide is one 
of the very weakest acids known. 

The characteristic property of bases is their power of electrolytic 
dissociation, with the production of hydroxyl ions. Now the 
hydroxyl radicle possesses strongly marked secondary positive 
affinity, as is evident from its ability to produce hydroxo-compounds 
in the cobaltiammine series, a large number of which have been 
described by Werner and his collaborators, and many of which are 
neutral compounds. A similar type of compound in the tin series 
is seen in potassium hydroxopentafluorostanneate, 

K,(SnF;OH),H,O 
(Briggs, Zeitsch. anorg. Chem., 1913, 82, 441), which is readily 
soluble in water, giving a neutral solution. 

As in the case of acids, we may also obtain a general formula 
for bases as follows: 

R—OH (where—=z and~—=y). 
« being the strength of the saturated primary affinities and y the 
strength of the saturated secondary affinities. If y=0, we have 
the case of the strongest possible type of base completely dissociated 
in solution. As y approaches z in value, the basic properties of 


-—- were o@-™ ae so as =< © 
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the compound become less marked, until when y=2z we have a non- 

lar compound incapable of electrolytic dissociation. This general 
formula therefore includes all compounds containing the hydroxyl 
radicle, from the hydroxides of the alkali metals on the one hand 
through the weak bases to the alcohols and neutral “ hydroxo- 
compounds” on the other. 

Consider the hydroxide of a metal, M@, which possesses marked 
condary affinity. The. hydroxide will have the formula M — OH, 
y having an appreciable value compared with «, and the compound 
will therefore be a weak base not readily dissociated in solution. 
Suppose the secondary negative affinity of the metal is now 
saturated by combination with n molecules of a substance A possess- 
ing free secondary positive affinity, such as ammonia. The com- 
pound thus produced will have the formula (1/,nA) — OH -+, and 
will be a strong base, as the secondary affinity of the metal is 
siturated by the A groups, and hence y (the value of the secondary 
afinities uniting M with OH)=0. We thus have a simple ex- 
planation of the well-known facts that strong bases are obtained 
by the addition of pyridine and quinoline to mercuric oxide, and 
that by the combination of ammonia or amines with weakly basic 
netallic hydroxides (Cu[OH],, Ni{OH}, etc.), very strong bases 
comparable with the alkalis are produced (see Werner, ‘“‘ Neuere 
Anschauungen auf dem Gebiete der anorganischen Chemie,” 3rd 
ed., p. 271). 


Ephraim’s Researches on the Stability of the Compounds of 
Ammonia with Metallic Salts. 


Ephraim has recently published a series of papers on the strength 
0: the ‘auxiliary valencies’ (secondary affinity) of various metals 
(Ber., 1912, 45, 1322; 1913, 46, 3103; 1914, 47, 1828; Zeitsch. 
physikal. Chem., 1913, 81, 513, 539; 83, 196). By comparing the 
temperatures (7') required to give a constant dissociation pressure 
of 500 mm. for a number of hexammine compounds of metallic 
salts, he found (1) that the strength of the auxiliary valencies 
(Vebenvalenz) falls with increase of the atomic volume of the 
metal concerned ; (2) that the nature of the anion has a consider- 
able influence on the strength of the auxiliary valencies, this 
influence being almost independent of the nature of the metal, so 


that 


T; NiBro _ T CoBry _ T Br, = const., 
7’ NiCle T coll Tuc, 


(3) that the nickel salts of strong acids have a greater avidity for 
ammonia than the nickel salts of weak acids, the avidity of the 
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salts for ammonia and the strength of the acids running approxim. 
ately, although not quite completely, parallel. These results arg 
to be expected from the principles enunciated above, as is seep 
from the following considerations. 

(1) It was assumed that the ammonia in metal-ammonia com. 
pounds was united to the metal by the attraction exerted by the 
positive nucleus of the metallic atom on electrons in the nitrogen 
atoms, whereby some of the lines of force. uniting such electrons 
to the positive nucleus of the nitrogen atom were loosened and 
then became attached to the positive nucleus of the metallic atom, 
It is clear that for a given value of the secondary affinity of the 
metal, the ammonia molecules will be less firmly united the greater 
the volume of the metallic atom (see Thomson, Joc. cit., p. 777). 

(2) When a compound, (M,nNH3;)X,, is dissociating under the 
influence of heat, the secondary affinity of the metallic atom becomes 
unsaturated, owing to loss of ammonia, and may then be satisfied 
by the secondary affinity of the anionic part of the molecule. We 
therefore have a reversible reaction of the type 

(M,nNH;)X,"eNH, + (M,[n—1]NH,X)X,_,, 
taking the simplest case, where only one molecule of ammonia is 
evolved. Now the greater the secondary affinity of X, the greater 
will be the tendency of the reaction to proceed from the left to 
the right, and the influence of the acid radicle on the stability of 
the compounds is therefore evident. The influence would be the 
same whatever the metal M, hence the relation found by Ephraim. 
(3) follows from (2), for the greater the secondary affinity of the 
negative part of the molecule, the greater will be the tendency of 
the compound to lose ammonia on heating, and therefore the 
ammonia compounds of the nickel salts of weak acids will lose 
ammonia more readily than the corresponding derivatives of strong 
acids, since the weakest acids are those in which the secondary 
affinity of the acid radicle is most strongly developed (see p. 262). 


Polymerisation. 


In the compound AB, if the secondary affinity of one or both 
atoms is very slight, the compound will be a strong electrolyte, and 
may be written —-- 4 —- B-—-. If, on the other hand, the secondary 
affinity of both atoms is considerable, or, to take the extreme case, 
if the secondary affinity of both atoms is equal to the primary 
affinity, tlien the formula will be A — B, representing a non-polar 
compound, or a compound in which intramolecular ionisation has 
not occurred (Thomson, loc. cit.). Most chemical compounds will 
occupy intermediate positions between these formule, and only in 
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a few instances will they approach the extremes (compare G. N. 
Lewis, J. Amer. Chem. Soc., 1916, 38, 762). 

The salts of the most electropositive metals (the alkali metals) 
provide the nearest approach to the type --A—--B--+. The 
haloids of many elements appear to approach the second type, 
4=B, especially compounds such as carbon tetrachloride, 

cl ,=—Cl 

oi=°=01 
and the remarkably ineré sulphur hexafluoride (Moissan and 
Lebeau, Compt. rend., 1900, 180, 865, 984; Berthelot, Ann. Chim. 
Phys., 1900, [vii], 21, 205), which should be written 

r= =F 

F=S=F. 

F= =F 
Another striking instance is seen in mercuric cyanide, which 
behaves in solution as a non-electrolyte (L. Prussia, Gazzetta, 1898, 
28, ii, 117), and has the unimolecular formula, which we may write 
(N= Hg — CN. The addition of ammonia to the solution of 
mercuric cyanide causes it to become a strong electrolyte; this is 
due to the saturation of the secondary affinity of the mercury atom 


by ammonia to give the compound, (Hg,zNH,y)on- Mercuric 


chloride has similar properties, but they are not so strongly marked 
as in the case of the cyanide. 

When in the compound AB both atoms, A and B, have strongly 
marked secondary affinity, it may not always be possible for the 
secondary affinity of A to saturate the secondary affinity of B, 
owing to the arrangement of the atoms in the molecule or the 
electrons in the atoms. A second molecule of the same compound, 
4,B,, may then unite with the first molecule, AB, in such a way 
that the secondary affinity of A is saturated by the secondary 
afinity of B,, and the secondary affinity of B by that of A,, giving 

A—B 
the formula {| |. We thus have a simple explanation of the 
B,—A 
double formule of many metallic chlorides, which have proved such 
. 4 great difficulty in the development of theories of valency. 
Cuprous chloride was shown by Biltz and V. Meyer (Ber., 1889, 
22, 725), and by V. and C. Meyer (Ber., 1879, 12, 609, 1112, 1185, 
Cu—Cl 
1292), to have the formula Cu,Cl,, that is, | | . Werner’s 
Cl-—Cu 
observation that the compound is unimolecular in solution in 
solvents like pyridine and piperidine is to be explained by the 
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saturation of the secondary affinity of the copper by the solvent, 
so that the solutions do not contain CuCl, but (Cu,2S)Cl, where g 
is a molecule of the solvent. Mercurous chloride also has the double 
Hg — 
formula (H. B. Baker, T., 1900, 77, 646) Hg,Cl,, that is % | 
Cl— Hg 
Cuprous chloride, cuprous bromide, and cuprous cyanide exist as 
double molecules in various solutions, and silver chloride, silver 
bromide, and silver iodide are all polymerised, even in piperidine 
solution, the chloride and bromide largely as (AgCl), and (AgBr), 
(Werner, Zeitsch. anorg. Chem., 1897, 15, 1). The polymeride, 
Ag —Cl— Ag 
(AgCl);, may be written | L 
cl— Ag—Cl 

At high temperatures, silver chloride is unimolecular, as found 
from vapour density determinations (Scott, Ann. Phys. Chem. 
Beibl., [iii], 12, 411; Biltz and V. Meyer, Zeitsch. physikal. Chem., 
1889, 4, 249). 

Ferrous chloride at the temperature of vaporisation exists in 
double molecules, which dissociate into single molecules at higher 
temperatures (Ladenburg, Annalen, Suppl., 8, 5; Nilson and 
Petterson, Compt. rend., 1888, 107, 529), and ferric chloride 
behaves in the same way (Gruenewald and V. Meyer, Ber., 1888, 
21, 687). 

It is highly probable that many of the insoluble salts of the 
heavy metals are polymerised to a greater or less degree in the 
above manner, a good example of such polymerisation being found 
ia the monochromates (Briggs, Zeitsch. anorg. Chem., 1907, 56, 
246 ; 1909, 63, 325; Groeger, ibid., 1908, 58, 412). 


Conclusion. 


In the above discussion, three types of chemical combination 
have been characterised, which may be classified as follows: 
(1) Combinations due to the saturation of primary affinity only, or 
the “strong electrolyte” type; (2) combinations due to the satura- 
tion of secondary affinity only, or the “ molecular compound ” type; 
(3) combinations due to the saturation of both primary and 
secondary affinity, which we may call the “organic compound,” or 
“ paraffin” type, taking methane, 


H 


\ 
H-=-C—H, 

HI 

ist 
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as an example. These three categories do not represent three 
separate classes, but only extreme types, most compounds taking 
up intermediate positions between the extremes. 

All the above formule are affinity formule only, and no attempt 
has been made to devise a new theory of valency. If the three 
classes of compounds were distinct and separate, it might be possible 
to set up a system of valency for each class; thus, for class (1) the 
quotient of the atomic weight divided by the electrochemical 
equivalent could be taken as the basis of such a system, for class 
(2) Werner’s co-ordination numbers would serve, and the older 
theories of valency would apply to class (3). Since, however, the 
three classes are not distinct, but merge into one another, it may 
well be doubted whether a theory of valency is possible in modern 
inorganic chemistry. What is the “valency” of cobalt in chloro- 


pentammine cobaltic chloride, (cog Ms)cu 


[Received, February 26th, 1917.] 


XXX.—The Propagation of Flame in Mixtures of 
Acetone and Air. 


By RicHarp VERNON WHEELER and ARNOLD WHITAKER. 


TuERE is very little information available as to the limits of inflam- 
mability of mixtures of vapours and air, and less regarding the 
speed of propagation of flame in such mixtures. 

Apart from the theoretical interest that lies in determinations 
of limits of inflammability and flame velocities by reason of the 
fact that such determinations yield definite physical constants for 
the mixtures employed, a knowledge of these constants in the case 
of vapours of liquids such as acetone, benzene, alcohol, ether, etc., 
which are employed in a large number of industrial processes, is of 
prime importance from the point of view of the safety from fire 
and explosion of the works and workers. 

The present paper relates to the first of a series of investigations 
designed to obtain knowledge of the conditions under which the 
vapours of the inflammable liquids used in industry form danger- 
ously explosive mixtures with air, acetone being the first liquid 
chosen for the experiments. 

The largest users of acetone at the present time are the cordite 
M 2 


268 WHEELER AND WHITAKER: THE PROPAGATION oF 


manufacturers, and the conditions under which it is used by them 
involve in one stage of the process the production in long mains 
of more or less rapid air-currents charged to a certain extent with 
vapour. There are also present the potential means of ignition 
of the mixture of acetone vapour and air should it be inflammable 
as it most often is. ; 


The Limits of Inflammabtlity. 


[nflanimable mixtures have different limits, both higher and 
lower, dependent on the direction in which the flame has to travel. 
In the present case the more important determinations are those 
for upward and horizontal propagation of flame, and it is impor. 
tant also to know to what extent, if at all, the diameter of the 
tube or pipe containing the mixture affects the limits. 

Determinations were made of both higher and lower limits, for 
horizontal, downward, and upward propagation of flame, in tubes 
2°5, 5, and 10 cm. diameter, the lengths of the tubes being 60, 150, 
and 75 cm. respectively. The results are tabulated as follows: 


‘5 em. in diameter. 


(A) Tube 2 
Acetone in air. 
Per cent. Downward Horizontal Upward 
by volume. propagation. propagation. Propagation. 
2-3 Complete 
Complete 
Complete 


bo b 
on 


or 


Complete 


Just complete —- 
Half way Complete 


Complete 


Complete 
Just complete 
Very slight 


- 
— 


Nearly half way Just complete 
About 8 cm. Half way 
Very slight Very slight 


IIPASHStgky 
~1 Or bo bo -1 ~7 


wir 


(B) Tube 5 cm. in diameter. 


Acetone in air. 
Per cent. Downward 
by volume. propagation. propagation. 
2- 2 No Half way 
No Complete 
Just complete Complete 
Complete Complete 
Complete Complete 
Just complete Complete Complete 
Complete Complete 
No Complete 
No Just complete 
No No 


Upward 
propagation. 
Complete 
Complete 
Complete 
Complete 
Complete 


Horizontal 


ou 


cr 


CDOS Hw roto toh 
S&S or ce Go co bo Or im DO 
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(C) Tube 10 cm. in diameter. 


Acetone in air. ‘ 
Per cent. Downward Horizontal Upward 


by volume propagation. propagation. propagation. 
No No 
No Just complete 
Just complete Complete 
Just complete Complete Complete 
Just complete Complete — 
No Complete Complete 
No o Just complete 
No No No 


© OS Who roroto 


The limits, therefore, are: 


Lower limit. Higher limit. 


~ 


Diameter - 
of tube. Down- Up- Down- Up- 
em. ward. Horizontal. ward. ward. Horizontal. ward. 
2°75 2°40 2°30 6°5 6°7 75 

2°40 2°25 2-20 8:3 9°3 9°5 

2°35 2-20 2°15 8°5 9°5 9°7 


It will be seen that above 5 cm. the diameter of the tube con- 
taining the mixture makes very little difference to the value of the 
limits. For practical purposes it would no doubt be safe to assume 
that in large pipes of, say, 60 cm. diameter the limit mixtures 
(horizontal propagation of flame) contain 2 per cent. (lower) and 
10 per cent. (higher) of acetone vapour. 


The Speed of Propagation of Flame. 


In order to determine the speed of propagation of flame in 
mixtures lying between the limits, use was made of the method 
employed by Wheeler (T., 1915, 105, 2606) for similar experiments 
with mixtures of methane and air, in which ignition of the mixture 
is effected at the open end of a horizontal tube closed at the other 
end. 

The values for speeds obtained by this method refer only to the 
initial “‘ uniform movement” of the flame, and are absolute only 
for the particular diameter of tube employed in the experiments 
(25 em.). Other researches, which will be communicated to the 
Society in due course, have shown that the “ uniform movement” 
as defined by Le Chatelier (propagation of flame from layer to 
layer of the mixture by conduction of heat), is a limited pheno- 
menon occurring only in tubes of diameter sufficiently small to 
minimise the effects of convection currents. The influence of con- 
vection currents becomes noticeable with the more rapidly moving 
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flames in tubes of a greater diameter than 8 cm., and increases with 
increased diameter to such an extent that, whereas for a given 
mixture in a tube 8 cm. in diameter the speed of the flame ig not 
much greater than in one of 5 cm. diameter, in a tube of 90 om, 
diameter the speed of the flame may be more than twice as great, 

The practical value of the results obtained for the speeds of the 
uniform movement in mixtures of acetone and air in a tube 2°5 em. 
in diameter lies chiefly in the information thereby given of the 
relative speeds in different mixtures. Arguing from the results 
obtained with mixtures of methane and air, the absolute speeds of 
the flames in pipes 30 cm., 60 cm., and 90 cm. in diameter would 
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Acetone vapour in air. Per cent. 


be respectively about 2°5, 3, and 3°5 times as great as the speeds 
recorded in the 2°5 cm. tube. 
The results obtained were as follows: 


Speed of flame. 
Acetone in air. Cm. per sec. 
Per cent. by volume. err 
54°5 55°4 
64°3 64-4 
69°4 68°6 
70°0 71:7 
78°9 80°2 
89-4 88-2 
93°9 93°8 
95°1 97°1 
91°8 91-7 
86°1 88-4 
71°6 66°4 
51-9 51°3 
47°9 47°56 
39°7 39°3 
30°5 30°8 
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The graph obtained by plotting speeds against percentages is not 
ss symmetrical as is usual with mixtures of permanent gases and 
sir, It is probable that the want of symmetry is due to the fact 
that with mixtures containing more than 5°5 per cent. of acetone 
there is considerable expansion of the products of primary combus- 
tion, and secondary combustion takes place behind the flame-front. 
The expansion is such that whilst the flame is travelling along the 
upper portion of the tube there is a movement along the lower 
ortion towards the open end, where the carbon monoxide pro- 
duced during the primary combustion continues to burn. This only 
occurs with mixtures containing more than 5°5 per cent. of acetone. 
The quantity of acetone required for complete combustion (to form 
carbon dioxide and steam) of the oxygen in air is 4°76 per cent. 


Ex PERIMENTAL. 


The chief difficulty experienced in carrying out this work has 
been due to the ready solubility of acetone vapour in water, 
glycerol and water, brine, or such liquids as are commonly used 
for storing large volumes of gases. This made it imperative to 
ue dry mercury as the only liquid over which the mixtures required 
should be made and stored, and rendered it necessary to take 
precautions that all the tubes and vessels used for the experiments 
should be thoroughly dry. 

Analysis of the Mixtures——A supply of air was saturated with 
acetone vapour at 15° and 760 mm., when it contained 13°5 per 
cent. (by volume) of acetone, and used as a stock mixture from 
which the experimental mixtures could be prepared by the addition 
of air. 

Several methods of estimating the percentages of acetone in the 
mixtures were tried, of which the best were (1) absorption of the 
acetone in a 5 per cent. solution of sodium hydrogen sulphite in 
water, with subsequent treatment with a dilute solution of potass- 
ium hydroxide to remove sulphur dioxide disengaged from the 
sodium hydrogen sulphite; and (2) absorption of the acetone in 
distilled water. The volumes before and after absorption were 
measured at constant pressure over mercury in a water-jacketed 
burette graduated to 0°01 c.c. 

Explosion analyses were unsatisfactory. Varying results were 
obtained according as a greater or lesser volume of air and oxygen 
was added for dilution before explosion (electrolytic gas also being 
added to ensure a sharp explosion). For example, a mixture 
known to contain about 6°5 per cent. of acetone gave on explosion 
analysis the following results: 7°00, 6°08, 6°42, 6°46, calculated 
according to the equation : 


CH,°CO-CH, + 40, = 3CO, + 3H,0. 
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It is possible that these divergent results are due to molecular 
association of some of the acetone. 

Consistent results were obtained by either of the absorption 
methods of analysis. Thus a mixture known to contain about 6-5 
per cent. of acetone gave on analysis: 

(1) Sodium hydrogen sulphite method.. 6-50, 6-45, 6-54, 6°55 

(2) Distilled water 6-40, 6-56, 6-54, 6-50, 6-51, 6-51 

Absorption by distilled water seemed, therefore, to afford a 
sufficiently accurate method of analysis. This method was further 
checked against the sodium hydrogen sulphite method, as follows: 

Acetone per cent. Mixture A. Mixture B. 
Sodium hydrogen sulphite method 11-57, 11-53 3-61, 3-68 
Distilled water 11-55, 11-53 3-64, 3-67 

On account of its simplicity, absorption by distilled water was 
employed as the method of analysis throughout the subsequent 
experiments. 

Determination of the Limits of Inflammability—The glass tubes 
employed, the diameters and lengths of which have already been 
stated, in each case were sealed at one end and had a three-way 
tap fused on at the other. Sparking electrodes were sealed into 
the closed end. The tubes were dried before each experiment by 
heating them in a large flame, and alternately evacuating and fill- 
ing them with dry air several times. After complete exhaustion, 
they were filled with the mixture to be experimented with and re- 
exhausted, this process being repeated three times. 

As a general rule, a given mixture was tested in the first instance 
as to downward propagation of flame, since a very sharp distinction 
between a “ limit” mixture and one that will not propagate flame 
is obtained under these conditions. If flame failed to propagate 
downwards, the tube was dried, refilled with a fresh charge of the 
same mixture, and tested for horizontal propagation of flame. 
Tests for upward propagation of flame were made last of all. 

Determination of Speed of Propagation of Flame.—Reference 
has already been made to the method of experiment adopted. The 
tube used was 200 cm. long and 2°5 cm. in diameter. It was 
furnished at one end with a removable stopper carrying a three 
way tap, and at the other end with a straight tap. 

After having been dried by the passage of a current of hot air 
through it, the tube was filled with the required mixture from 4 
gas-holder in the same manner as when determining the limits of 
inflammability. 

(Received, March 14th, 1917.] 
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Dr. ALEXANDER Scott, M.A., F.R.S., President, in the Chair. 


Dr. C. M. Luxmoore and Dr. F. G. Pore were elected Scrutators, 
and the ballot was opened for the election of Officers and Council 


for the ensuing year. 


The Presipent presented the Report of Council on the progress 
of the Society during the past year, and the Treasurer made a 
statement as to the income and expenditure for 1916. 


The adoption of the Report of Council, together with the Balance 
Sheet and Statement of Accounts, for the year ending December 


jist, 1916, proposed by Dr. L. T. THorne and seconded by Dr. H. 
ForsteER MORLEY, was carried. 


Report or Councit, 1915—1916. 


On December 31st, 1915, the number of Fellows was 3,203. 
During 1916, 135 Fellows were elected and 10 were reinstated, 
making a gross total of 3,348. The Society has lost 46 
Fellows by death; 22 Fellows have resigned, and 82 Fellows 
have been removed for non-payment of annual subscriptions. 
The total number of Fellows, therefore, on December 31st, 1916, 
was 3,198, showing a decrease of five compared with the correspond- 
ing figure of the preceding year. 

The Council regrets to record that the following eight Fellows 
have fallen in action : 

Frederic William Caton (1907). Cyril Douglas McCourt (1904). 
Charles George Edgar Farmer (1906). Raymond William Nichols (1914). 


John Griffiths (1905). William Gilbert Saunders (1913). 
James McConnan (1907). Cecil Hamersley Waldron (1912). 


Since the last Anniversary Meeting, the Council has had to deplore 
the death of a distinguished Past President, Sir William Ramsay, 
who died, after a long and painful illness, on July 3rd. Messages 
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of condolence have been received from the French, Italian, ang 
Russian Chemical Societies recording their sense of the irreparable 
loss which the Society and Chemical Science as a whole have gy. 
tained by his decease. The Council has also to mourn the logs of 
Professor John Ferguson, of Mr. David Howard, and of Prof. 
Thomas Purdie, all of whom have at one time or another served on 


the Council of the Society. 
The names of the other deceased Fellows, with the dates of 


election, are : 


John Frederick Alder (1902). Walter Edward Koch (1873), 

John Angell (1877). Leonard de Koningh (1885). 

Percy Carter Bell (1889). Ernest Alfred Lewis (1901). 

Frank Stanley Benton (1907). Edmund George McBretney (1883), 
Walter Harris Coffin (1881). Nicholas Henry Martin (1901). 
Matthew Dalton Cowap (1907). George Thomas W. Newsholme (1889). 
Edward Davies (1858). John Northing (1892). 

Louis Charles Deverell (1897). John Peden (1894). 

Arthur John Dickinson (1872). Kaikhushroo Bamanji Sorabji (1910). 
William Esson (1862). William Hugh Spottiswoode (1885). 
Clifford Girdlestone Gill (1914). Frederick Wallis Stoddart (1894). 
Robert Glegg (1912). Charles Umney (1865). 

Allan Twistleton Hall (1889). Arthur Henry Wardle (1914). 
Cornelius Hanbury (1857). Edwin Whitfield Wheelwright (1897) 
William Washington Houlder (1871). Thomas Wilton (1884). 

Edward Jackson (1882). George James Woods (1909). 
Thomas Hill-Jones (1898). John Wrightson (1864). 


The following Fellows have resigned : 


James Herbert Allworthy (1899). Hugh Manners (1896). 

Walter Norman Burbridge (1911). William Walter Scott Nicholls (1899) 
Merrick William Burrows (1901). Frederic Herbert Sharpe (1910). 
John Cope Butterfield (1875). Edward Buckingham Shuttleworth 
Fred Carrodus (1902). (1894). 

Frank Dixon (1896). Sidney Skinner (1888). 

Benjamin Leslie Emslie (1910). Herbert William Southgate (1910). 
Lewis Eynon (1902). Francis Henry Tate (1890). 

Lionel William Fulcher (1891). Frederick William Watson (1906). 
Francis Gerald Harmer (1903). James Mitchell Wilson (1890). 
William Hugh Rubens Kerry (1883). Thomas Howard Young (1913). 
John Herbert Lavender (1910). 


The following have been elected Fellows during 1916: 


Elected. 
Ganesh Sakharan Agashe June 15 Syed Mahomed Azain 
George Arthur Alder Douglas Heriot Baird 
Henry Vin Arny ” Gerrard W. Baker 
Frederick William Atack... ’ Thomas James Bandinel... 
Ralph Hall Atkinson . Satish Chandra Banerji ... 
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Elected. 
Christopher Barber Feb. 17 Archibald John Hall 
Emest Arthur Bearder ... May 4 John Allen Harker 
Charles Samuel Bedford... Dec. 7 Frank Nettleton Harrap... 
William Alfred Benton ... Dec. 7 William Charles Harris ... 


Nowrosji © Maneckji Charles Harrison 


Bhathena May 4 Ernest Mostyn Hawkins... 
May 4 Thomas Bertram Hender- 
Stephen Bernard Bowyer Dec. 7 
Frederick Hartridge Bran- 


June 15 Cedric Stanton Hicks 
Ralph Eustace Brett Dec. 7 Herbert Hobson 
Lelio Norman Brown ... Dec. 7 Dec. 
William Arthur Graham Albert Francis Huggins ... Feb. 
May 4 Leo Fedorovitsch Iljin Dec. 
Raymond Renard Butler... Feb.17 Perey Claude Cameron 
Arthur Sidney Carlos Dec. 7 Isherwood Dec. 7 
Charles William Carpenter Feb. 17 Frederick William Jackson June 15 
John Archibald Clark May 4 Robert Smith Jackson Dec. 7 
Joseph George Clark June 15 George James June 15 
Perey Herbert Clifford ... June 15 John Jaques Dec. 7 
Herbert Charles Cocks Dec. 7 Edward Owen Jones May 4 
John Harbourne Cooke ... June 15 Stanley Percival Kipping Feb. 17 
Norman Cooke Dec. 7 Albert Theodore Kremers Dec. 7 
Henry Edward Cox......... Dec. 7 Nikolai Ivanovitsch Kur- 
(yril Stanley Dawes May 4 
Harry Dean Peter Petrovitsch Lasareff June 15 
Alfred William John Frank Charles Laxton June 15 
Dec. 7 
Feb. 17 
Edgar Lewis May 4 
George Lodge Dec. 7 


Arthur Fairbourne ’ May 4 
Fred Fairbrother ‘ Leroy Wiley McCay Feb. 17 
Alexe} Eugrafovitsch Hugh Findley Maclachlan May 4 

Favorsky " James Baird Maclachlan... May 4 
Robert Ferguson Arthur Marsden May 4 
Robert Benjamin Forster . Wilfred Mather Feb. 17 
Geoffrey Edwin Foxwell... Donald John Matthews ... Feb. 17 
George James Francis... q Francis Eric Milsom Dec. 7 
Daniel Gardner " Charles Ainsworth Mitchell May 4 
William Edward Gardner Arthur Moore Feb. 17 
Stanley Frederick Garrard . Burrows Moore Dec. 7 
John Henry Gill Cosmo Murray Dec. 7 
George Van Barneveld Bangalore Pasupulcti Bala- 

Gilmour krishna Naidu May 4 
Kakuji Goto . Thomas Needham Dec. 7 
Claude Saville Grace . Joseph Bernhard Oesch ... May 4 
Samuel Harold Green John Walter Hyde Oldham Feb. 17 
Harold Cecil Greenwood Frederick Owen 
Sir Robert Abbott Had- Hubert Ernest Page 

William George Palmer ... 
m* 2 
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Elected. 

Reginald George Parker... Feb. 17 Neville Steele 
Arthur R. Penfold Feb. 17 Arthur George Surfleet ... 
Richard Garnet Penney ... Dec. 7 Edwin Taberner 
George Humphrey Pierson May 4 Guy Thomas Percy Tatham 
John Pomphrey Dec. 7 Fred Taylor 
Maurice Ernest Probert ... June 15 Cecil Francis Tidman 
Sidney Radcliff Feb. 17 Crozier Fullerton Tofts ... 
William George Ramsay... June 15 Alexej Evguenievitsch 
Leonard William Raymond May 4 Tschitschibabin 
John Read Feb. 17 Frederick Alfred Unwin ... 
Arthur Walter Richardson Dec. 7 Adolph William Henry 
Conrad Howard Rogers ... May 4 
Arthur Villiers St. Ernest Edward Wallen ... 

Armande Dec. 7 Arthur Rokeby Ward 
John Beauchamp Salter... Feb.17 Ralph Winton West 
Herbert Savage Dec. 7 William Alexander Whit- 
Sher Singh Sawhny Dec. 7 
Charles Adalbert Schunck Dec. 7 David Christophorovitsch 
Simon Solomon Zavriev 


Following the discussion at the last Annual General Meeting, the 
Council arranged for an Extraordinary General Meeting of the 
Society to be held on May 11th to consider the question of the 
removal of the names of nine alien enemies from the List of Honorary 
and Foreign Members. Since a definite decision was not then 
attained, the meeting was adjourned until June 21st, when it was 
held in the theatre of the Civil Service Commission. After con- 
siderable discussion the following motion was carried : 

“The Chemical Society considers that it is neither compatible 
nor consistent with its loyalty to the Crown, whence the Royal 
Charter under which it works was derived, to retain any alien enemies 
upon its List of Honorary and Foreign Members. 

“It is therefore resolved that the names of A. von Baeyer, T. 
Curtius, E. Fischer, C. Graebe, P. H. von Groth, W. Nernst, 
W. Ostwald, O. Wallach, and R. Willstitter, who were elected under 
happier conditions in recognition of their eminent services to 
Chemical Science—for which the Society still retains an undimin- 
ished appreciation and regard—be, and are hereby removed from 
the list of Honorary and Foreign Members.” 

The resignation of Professor Eugen Bamberger, of Ziirich, as 
an Honorary and Foreign Member has also been received and 
accepted. ‘The number of Honorary and Foreign Members at 
December 31st, 1916, was, therefore, 21, or 10 less than at the 
corresponding date in 1915. 

The congratulations of the Council are offered to Mr. Watson 
Smith, who, clected December 20th, 1866, has now attained his 
jubilee as a Fellow. 
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The volume of Transactions for 1916 contains 1,368 pages, of 
which 1,212 are occupied by 103 memoirs, the remaining 156 
pages being devoted to the Obituary Notices, two lectures on special 
subjects, the report of the International Committee on Atomic 
Weights, the report of the Annual General Meeting, and the 
Presidential Address. The volume for the preceding year contained 
900 memoirs occupying 1,862 pages. The Journal for 1916 contains 
also 3,281 abstracts occupying 1,532 pages, whilst the abstracts 
for 1915 numbered 4,223 and occupied 1,944 pages. In comparing 
the figures for 1915 and 1916 it must be remembered that, as 
stated in last year’s report, the volume for 1915 contained a con- 
siderable number of abstracts that in normal conditions would 
have appeared in that for 1914, but after allowing for this, the 
figures point to a considerable further diminution in the output 
of chemical papers. So far it has been possible to obtain most 
of the Continental journals, although at times only after consider- 
able delay. 

The abstracts may be classified as follows : 


Organic Chemistry 
Physiological Chemistry 
Chemistry of Vegetable Physiology and Agriculture ... 


General and Physical Chemistry 
Inorganic Chemistry 

Mineralogical Chemistry 
Analytical Chemistry 


Total in Parts I and IT 


In connection with the Annual Reports, it has been decided to 
postpone the one dealing with Crystallography and Mineralogy for 
1916 and to publish in 1917 a combined Report for the two years. 
The attention of Fellows is directed to the publication of Annual 
Reports on Applied Chemistry by the Society of Chemical Industry. 
The volume will be uniform in size of page with cur own Annual 
Reports. 

An invitation from the Society of Chemical Industry suggesting 
that representatives of the two Societies should confer together 
on the possible publication of joint abstracts has been received 
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and accepted. A meeting of the representatives has been held 
and the matter is still under discussion. 

The question of publishing portraits of Past Presidents has 
engaged the attention of the Council, and a circular was issued 
to Fellows inviting them to state which portraits they wer 
prepared to purchase. The demand for these portraits has fallen 
far short of the Council’s expectations ; owing to this and to 
the difficulty and cost of reproducing the portraits at the present 
time, the matter has been postponed until after the war. 

The Council has arranged for three Lectures to be delivered during 
the Session 1916-1917, and the first of these was given on January 
18th by Col. C. T. Heycock, who chose as his subject, “ Alloys of 
Copper and Tin, Aluminium and Gold.” Mr. Chaston Chapman 
delivered his lecture, on ‘“‘Some Main Lines of Advance in the 
Domain of Modern Analytical Chemistry,’ on March 15th instead 
of on May 17th as at first arranged, whilst on the latter date Dr, 
Horace T. Brown will give his lecture, entitled “The Principles 
of Diffusion ; their Analogies and Applications.” 

The scheme of organisation set up by the Council. as described 
in the last Report of Council, has continued to receive support 
during the past twelve months; numerous suggestions and inven- 
tions have been considered and have been forwarded to the 
proper authorities. At the request of the Ministry of Munitions, 
the Council has had under consideration the utilisation of the 
chemical resources of India. Prof. J. H. Barnes and Prof. P. C. Ray 
accepted the invitation of the Council to assist in the work of 
organisation, which is at present in course of development. 

Further suggestions for industrial research have been received 
and submitted to the Advisory Council for Scientific and Industrial 
Research. 

At the request of the Council the General Committee of Chemical 
and allied Societies has considered the situation created by the 
recent order calling up certain classes of chemists for military 
service. The attention of the Government Departments concerned 
has been drawn to the detrimental effect which this order is likely 
to have on the present and future state of chemical and allied 
industries. 

In last year’s Report it was stated that at the request of the 
Board of Agriculture and Fisheries a Committee had been 
appointed to consider the production of nitrogen compounds. 
A confidential report has been forwarded to the Board of Agri- 
culture, from whom appreciative thanks have been received. 
Col. Arthur W. Crossley has since been appointed as the delegate 
of the Society on the Committee of the Advisory Panel representing 


ANNUAL GENERAL MEETING. 279 


the various Departments of the Ministry of Munitions and of 
other Government Departments to consider the question of the 
manufacture of certain nitrogenous products. 

The centenary of Gerhardt’s birth was celebrated in Paris by 
the French Chemical Society on December 8th. Owing to the 
abnormal circumstances the Society was unable to send delegates, 
but the hearty felicitations of the Society were conveyed by 
the President. 

Professor E. W. Morley accepted the invitation of the Council 
to represent the Society at the opening of the new buildings of the 
Massachusetts Institute of Technology on June 14th. Further, the 
Society was represented by Prof. P. F. Frankland and Prof. 
F. G. Donnan on the Committee re Neglect of Science, and by 
the President and Prof. P. F. Frankland on the Conjoint Board of 
Scientific Societies. 

The Council is very gratified to record that the conferences 
of the Councils of the Chemical Society, the Society of Chemical 
Industry, and the Society of Dyers and Colourists summoned to 
consider the best means for promoting cooperation amongst chemical 
manufacturers and between them and the teachers in universities, 
colleges, and technical schools have resulted in the formation of 
the Association of British Chemical Manufacturers. 

A communication was received by the Council from the Board 
of Education inquiring as to the best means of promoting closer 
intercourse between English and Russian men of science. The 
Council has expressed the opinion to the Board of Education 
that closer intercourse between the men of science of the two nations 
would be materially assisted if some arrangements could be made 
for papers published in the journals of the various Russian societies 
to appear in either French or English. 

The hearty thanks of the Council have been accorded to Mrs. 
Meldola for her generous gift of an astronomical clock and a 
barometer, presented to the Society in memory of the late Prof. 
Raphael Meldola. The clock and barometer have been placed in 
the hall. 

The thanks of the Council were returned also to Mrs. Alexander 
Scott for her welcome gift of a coffee urn for the use of the 
Society. 

In view of the constant demand for books for reference and 
borrowing purposes, it was decided to suspend Library Rule 14, 
and the Library was, consequently, kept open without a break 
throughout August. 

The number of books borrowed during 1916 was 1,610, as against 
1,541 in 1915. : 
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The additions to the Library comprise 115 books, of which 
60 were presented, 329 volumes of periodicals and 35 pamphlets, 
as against 90 books, 349 volumes of periodicals, and 29 pamphlets 
last year. The Library has also received from the President the 
interesting and rare collection of papers relating to the “BR” 
Club referred to in his Presidential Address in 1916. 

The financial year now under review being the second one d 
the whole of which a state of war has prevailed, the factors necessary 
for a close comparison of the two periods are available, and the 
Council finds a slight mitigation of present anxiety in announcing 
that the balance of income over expenditure amounts to 
£1,865 19s. 9d. The income from all sources for the year 1916 
was £8,163 19s. 10d., as against £7,821 10s. 5d. in 1915 and £8,122 
4s. 5d. in 1914, whilst the corresponding expenditures were 
£6,298 Os. ld., £6,999 16s. 8d., and £8,036 2s. 2d. respectively. 
Thus the normal pre-war income has been resumed, principally 
owing to an increase of admission fees to £552 from £356 and an 
increase of life composition fees to £345 from £190, making a 
total increase of £351 ; small fluctuations in other items almost com- 
pensating one another, the income for 1916 exceeds that of 1915 by 
£342 9s. 5d. 

It will be remembered that in its last annual statement the 
Council reported a surplus of £821, and in order to explain the 
present balance of £1,866 it is necessary to examine the iteins of 
expenditure. These will be found to show an important reduction 
in the printing charges for the Journal and Proceedings, amounting 
to £604 2s. 7d., this account being £4,070 14s. Od. for 1916 as against 
£4,674 16s. 7d. for 1915. This reduction, although considerable, 
is less than that shown in passing from 1914 to 1915, namely, 
£1,158 10s. 1d., partly because the further effect of the war on 
the size of the Journal is rather less marked than in 1915, as 
indicated by the following synopsis : 

1914. - 1915. 1916. 


Number of pages. Number of pages. Number of pages. 
Trans. Abstr. Trans. Abstr. Trans. Abstr. 


January—June.. 1,696 1,300 918 876 649 820 
July-December. 1,213 768 944 1,068 719 712 


—_— —_ 


2,909 + 2,068 1,862 + 1,944 1,368 + 1,532 
Totals 4,977 3,806 - 2,900 
From this it will be seen that 906 fewer pages were printed than 
in 1915, which itself showed a reduction of 1,171 pages from 1914; 
accordingly, the diminution in printers’ charges would have been 
even greater than it is but for two facts, namely, increased cost 
of paper and a bonus of 5 per cent., voluntarily accorded to 
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INCOME AND EXPENDITURE Account 


Income. 


To Life Compositions ... 
», Admission Fees 
», Annual Subscriptions— 
Received in advance, on account of 1916 
mm during 1916 . 
” ” ” 1915 , . eee 
” ” ” ” 1914 and previous we 


Less amount included in last year’s axages. —s. valuation of 
Arrears as per last Balance Sheet - . 


4532 
Add Arrears at date: 1916, £672; 1915 and apagaretg si estimated 
to realise as per Balance Sheet eve eco 390 0 0 


— 4922 @ 9 
», Lady Subscribers... in - oe ee ae ae a 600 


», Investments :— 


Dividends on £6730 Metropolitan Consolidated 34 per cent. Stock ... 

£1050 London and North Western Railway 3 per cent. 
Debenture Stock... ... oo 

£1520 14s. 3d. Cardiff Corporation 3 per cent. Stock 
£1400 India i derps cent. Stock 
£2400 Bristol ration 2} per “cent. Debenture Stock 
£4341 Midland Railway 2} per cent. Preference Stock 
£1200 Leeds Corporation 3 per cent. Stock... 
£1500 Transvaal 3 per cent. Guaranteed Stock, 1923/53 
ee British — 3 per cent. Debenture 
£700 Canada 34 per cent. Stock 1930/50 . “ 
£1000 5 per cent. Exchequer Bonds ... 


— i 
_ 


= 
moO BAKO wo 


», Income Tax Recovered... ... 
», Interest on Deposit Account 


» Publication Sales :— 
Journals 
Proceedings 
Collective -) ™, . 
Memorial ee 
Library Catal “ne 
Atomic Weigh Tabies o 
Jubilee Volume __.... ove 
Annual Reports on Progress of Chemistry oe 


Less Publishers’ Commission 


, Proceeds of Advertisements in Journal.. 
Less Commission pee os 


» Miscellaneous Receipts a tm - tes 
», Subscriptions from other Societies ... 


£8163 19 10 


—_—— 


I have examined the above Accounts with the Books and Vouchers of the Society, and 
and the Investments. 


23, Queen Victoria Street, E.C. W. B. KEEN, 
March 7th, 1917. Chartered Accountant. 
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wr THE YEAR ENDED 3lst DECEMBER, 1916, 


Expenditure. 


By Expenses on account of J ournal :— 
Salary of Editor, including Indexing .. 
Salary of Sub-Editor and Assistance 
Editorial Postages eco 4 

Abstractors’ Fees oon 
Printing of Journal 
Banding... .. 

Printing of Advertisements 
Wrappers and Addressing 
Distribution of Journal 
Authors’ Copies ... 
Insurance of Stock 


——s 


6 obo 
—— 
SorNovanrcooeo 


4070 14 0 


, Annual Reports on the Progress of Chemistry ... .. ... oe one 870 18 10 
” Purchase of back numbers of Journal ae a a ee 
” List Of FelloWS «= .c. c0e cee nus owe 


, Library Expenses :— 
Salary of Librarian and Assistant... 
Books and Periodicals eos eee 


Binding ... 
45111 0 


,, Indexing for International Catalogue _... 30 0 0 
rs Donation to International Commission of Publication of Annual Tables 
of Constants and Numerical _— — icigyeggel and — 


Jagical ... sc se 00 10 0 0 


,, Administrative Expenses :— 


Salary of Staff ... 

War TGMUS cee ces ccs cee tes cee tte ces SOP tte 
Wages (Commissionaire, H per, and Charwoman) 
Coal and Lighting pr eae ae 
House we and Repairs 

Furniture o 

Tea Expenses 

Insurances 

Accountants’ Charges an 

Commission on ae of Income Tax .. 

BOP COME wm ia us em eos 

coe, CO Ee ee eee 

Stationery a ee ee 

Postages... .. eee 

Miscellaneous Expenses 


0 
0 
6 
5 
8 
0 
7 
5 
0 
9 
6 


” =. being excess of Income over } carried to Balance 
oe ee ee ee ee eee ws ee 


* Including War bonus to Printers of £80 11 4 


£8163 19 10 
certify them to be in accordance therewith, 1 have also verified the Balance at the Bankers 


Approved—A. LIVERSIDGE, 
Cc. A. KEANE, 
E. W.,VOELCKER. 
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Messrs. Richard Clay and Sons, Limited, to assist in meeting 
their increased expenditure. Both these charges, particularly the 
former, will, unfortunately, become considerably augmented during 
1917. 

There is a small reduction in the cost of the Annual Reports, 
and the Library expenses are also lower, but this change is 
more apparent than real, being due to arrears of binding journals, 
The administrative expenses are lower by £34, although the 
Council has increased the war bonus to the staff, and is now 
paying one-half the salary of Mr. E. B. Voles and continuing its 
allowance to Mr. H. J. Morris. The reduction is chiefly due to 
economy in office printing, stationery, and postage, which account 
for £255 3s. 1ld., as against £366 9s. 9d. during 1915. In the latter 
year, the Society incurred unusual expenditure owing to the 
large amount of correspondence involved in co-ordinating the war- 
services of its Fellows. 

In April, 1916, the Treasurer was authorised to purchase £1,000 
of 5 per cent. Exchequer Bonds for the General Account of the 
Society, and these appear in the list of assets ; although not strictly 
coming within the limits of the present Report, it may be stated 
that the bonds have since been converted into the 5 per cent. War 
Ioan of 1917, to which a further subscription of £2,000 has been 
made from the General Account in anticipation of the surplus 
of income over expenditure herewith announced. 

At the preceding Annual General Meeting the President stated 
that the Council had received two munificent donations to 
the Research Fund of the Society, namely, £1,000 from Dr. 
G. B. Longstaff, whose father, by a gift of a similar amount, 
was largely instrumental in founding the Research Fund forty 
years ago, and £1,000 from Mrs. and Miss Miller, commemora- 
ting the long association of the late Dr. Hugo Miller with 
the Society. It was further announced by the Treasurer that 
Dr. Alexander Scott had contributed the handsome sum of 
£500 to the same fund in appreciation of the important work 
accomplished by that foundation and in commemoration of the 
seventy-fifth anniversary of the Society. These gifts stand in the 
balance sheet of the Research Fund for 1916 as 5 per cent. 
Kxchequer Bonds, together with the £300 purchased with un- 
expended balance from 1915 and other £300 derived from a similar 
source in 1916, making a total of £3,100. Owing to the diver- 
sion to national purposes of chemical effort usually devoted to 
nore academic research, the grants amount to £94 2s. 6d. only, as 
against £137 for 1915 and £287 for 1914. Thus, although repay- 
ments of unexpended grants amounted to £37 4s. 2d. less than in 
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1915, the unexpended balance of the Research Fund for 1916 js 
£380 17s. 3d., anticipating which the Council authorised a gyp. 
scription of this amount to the 5 per cent. War Loan of 19]7 
and have also converted the £3,100 of 5 per cent. Exchequer 
Bonds to the same denomination. 

The following Grants for Research have been made during the 
year: 


Investigation of the morphotropic influence of simple chemical 
constituents. T. V. Barker (Oxford), and Miss M. W. Porter 20 0 9 

The formation of cyclic carboxylic acids. An attempt to syn- 
thesise 8-truxillic acid. N. Bland (Huddersfield Tech. Coll.) ... 

Relation of position isomerism to optical activity. (Continued.) 
J. B. Cohen (Leeds) 

Synthesis of derivatives of the anthocyan series, with a view to 
the production of dyestuffs. A. E. Everest (Tech. Coll., 
Huddersfield) 

An investigation of the bromine compounds of phenanthrene. 
H. Henstock (Shrewsbury) 

Investigation of the anomalies in the optical activity of nicotine, 
pure, and in aqueous and other solvents. H. Jephcott (West 
Ham Tech. Coll.) 

The products of destructive distillation of caoutchouc and its 
derivatives. B.D. W. Luff (Edinburgh) 

The action of diazomethane on acylchlorides and a-diketones. 
M. Nierenstein (Univ., Bristol) 

The oxidation products of balata and their relation to the con- 
stitution of caoutchouc. B. D. Porritt (Edinburgh) 


A vote of thanks to the Auditors was proposed by the Treasuren, 
seconded by Mr. C. Rumsie, and acknowledged by Dr. C. A. 
KEANE. 

Professor J. M. Tuomson proposed a vote of thanks to the 
Treasurer, Secretaries, Foreign Secretary, and Council for their 
services during the past year. This was seconded by Mr. G. S$. 
ALBRIGHT, and acknowledged by Colonel C. T. Heycock. 

The Presipent then delivered his Address, entitled, ‘‘ The Atomic 
Theory.” Sir Witi1am TiLpen proposed a vote of thanks to the 
President for his services in the Chair during the past two years, 
coupled with the request that he would allow his Address to be 
printed in the Transactions. The motion was seconded by Pro- 
fessor H. Brereton Baker, and carried with acclamation, acknow- 
ledgment being made by the PresipEnr. 


‘ 
The report of the Scrutators was presented, and the following 
were declared elected as Officers and Council for the year 1917- 
1918: 
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President—William Jackson Pope, M.A., D.Sc., F.R.S. 

Vice-Presidents who have filled the Office of President—Henry 
Edward Armstrong, Ph.D., LL.D., F.R.S.; Alexander Crum Brown, 
DSc, LL.D., F.R.S.; Sir William Crookes, O.M., D.Sc., F.R.S.; 
Sir James Dewar, M.A., LL.D., F.R.S.; Harold Baily Dixon, M.A., 
ph.D., F.R.S.; Percy Faraday Frankland, Ph.D., LL.D., F.R.S.; 
Augustus George Vernon Harcourt, M.A., D.C.L., F.R.S.; William 
Odling, M.A., M.B., F.R.S.; William Henry Perkin, Se.D., LL.D., 
F.R.S.; James Emerson Reynolds, Sc.D., M.D., F.R.S.; Alexander 
Scott, M.A., D.Sc., F.R.S; Sir Edward Thorpe, C.B., LL.D., F.R.S. ; 
Sir William Augustus Tilden, D.Sc., LL.D., F.R.S. 

Vice-Presidents.—George Gerald Henderson, M.A., D.Sc., F.R.S. ; 
Francis Robert Japp, M.A., LL.D., F.R.S.; Arthur Lapworth, 
DSe., F.R.S.; Arthur Smithells, B.Sc., F.R.S.; Richard Threlfall, 
MA., F.R.S.; Sydney Young, D.Sc., F.R.S. 

Treasurer.—Martin Onslow Forster, D.Sc., Ph.D., F.R.S. 

Secretaries.—Samuel Smiles, D.Sc.; James Charles Philip, M.A., 
).Se., Ph.D. 

Foreign Secretary Arthur William Crossley, D.Sc., Ph.D., 
F.RS. 

Ordinary Members of Council—The Right Honourable The Ear] 
of Berkeley, F.R.S.; Henry Cort Harold Carpenter, M.A., Ph.D. ; 
Alfred Chaston Chapman ; David Leonard Chapman, M.A., F.R.S. ; 
Alexander Findlay, M.A., D.Se., Ph.D.; Arthur Harden, D.Sc., 
Ph.D., F.R.S.; Thomas Anderson Henry, D.Sc.; Charles Alexander 
Hill, B.Sc.; Robert Howson Pickard, D.Sc., Ph.D.; Robert Henry 
Aders Plimmer, D.Sc.; Frank Lee Pyman, D.Sc., Ph.D.; Jocelyn 
Field Thorpe, D.Sc., Ph.D., F.R.S. 


PRESIDENTIAL ADDRESS. 
Delivered at the AnnuaL GeneraAL MEETING, March 29th, 1917, 


By ALexanver Scort, M.A., D.Sc., F.R.S. 


The Atomic Theory, with Especial Reference to the 
Work of Stas and Prout’s Hypothesis. 


In these troubled times, when the boasted progress of civilisation 
seems to have been arrested and at times even swept away, and 
that both by and especially amongst a so-called “ Kultured ” nation, 
one’s thoughts and hopes and sincere wishes go out to Belgium for 
its speedy rehabilitation and return to prosperity. 

Especially does one wish well to the ancient city and university 
of Louvain, which but three short years ago rejoiced in the posses- 
sion of a priceless library and buildings of unique beauty and char- 
acter. To the chemist in particular will the name of Louvain ever 
recall the birth and training there of one of the true founders of 
our science, perhaps not so much the layer of the foundation stones, 
rather the relayer, the tester, and the riveter together of the 
structure on which the fabric of modern chemical theory has been 
reared. For in the old Belgian town of Louvain on August 2lst, 
1813, was born Jean ServaisStas. He, like many other men who 
have devoted their lives to the prosecution of science and the 
increase of natural knowledge for its own sake, began his career by 
being educated to be a doctor of medicine. Although he qualified 
in due course he never seems to have actually practised, but in some 
of his later work in connexion with a famous trial for poisoning by 
means of nicotine his early training was doubtless of great use. For 
him the call of chemistry was too strong, and after a preliminary in- 
vestigation on phloridzin (extracted from a pear tree which had been 
cut down in the garden of a friend) carried out in a small labora 
tory in the attics of his father’s house, he set out to Paris to en- 
deavour to obtain admittance as a worker in the laboratory of Dumas. 
The line of work with which Dumas was especially identified then and 
for many years afterwards was the determination of atomic weights, 
particularly with the view of testing and establishing the hypo 
thesis of Prout, in which he, in opposition to Berzelius, was a firm 
believer. Although Dumas and his young pupil published more 
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than one joint paper on other subjects, their most famous paper 
yas one on the atomic weight of carbon. The research on phlorid- 
tin begun in Louvain was completed in Paris and published in 
1838, and was singled out for especial praise by Berzelius, who in 
his Annual Report on the progress of chemistry for 1839 makes 
the following remarks on this first paper of Stas: ‘The com- 
plete agreement of the analyses amongst themselves which Stas has 
not even called attention to because he had not compared them by 
his method of calculating, does great honour to his analytical skill. 
This piece of work is well done and well expressed, and any correc- 
tin of the numbers furnished by his experiments will not be 
rendered necessary by theoretical considerations. Much is to be 
expected from a chemist who begins in this manner.” 

This is a wonderful testimony, prophetic in character, from the 
reigning chieftain in that department of research in which Stas 
was destined to distinguish himself and surpass in accuracy of work 
and conclusiveness of the arguments drawn from it even the great 
Berzelius himself. 

The present time seems particularly appropriate for considering 
again what we owe to Stas, for it is one hundred and four years 
ince he was born, fifty-two years since his “ Nouvelles Recherches”’ 
were published, and twenty-six years since he passed away. The 
Chemical Society may justly be proud that the first of its 
“Memorial Lectures,” due largely to the initiative of its then 
Senior Secretary, Professor Armstrong, was delivered on the first 
anniversary of the death of Stas, who died on December 13th, 
1891, in the house in Brussels where he had lived so long and 
welcomed so many men renowned in science, politics, and literature. 

The lecture was written by Professor J. W. Mallet, and is a 
masterpiece by one who was a brilliant worker in this field of work. 
It is entitled “Jean ServaisStas and the Measurement of the 
Relative Masses of the Atoms of the Chemical Elements.” 

In the twenty-five years which have elapsed since then much has 
been done in the field included in the title of that lecture, by which 
new vistas have been opened up for research and by research. New 
theories have thrown much light on atomic relations, giving a new 
impetus and new direction to chemical and physical inquiry, and 
even the atoms themselves have been by modern methods more 
rudely shaken than ever before, so much so that in some cases they 
seem even to have been disrupted. 

Moreover, the lecture by Professor Mallet does not profess to 
deal with the whole aspect and bearing of the work of Stas on 
general chemical theory. This becomes more evident if we compare 
(a8 we are now better able to do) the actual position of many points 
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and their mutual relationships to the molecular and atomic theories 
which have been developed since the appearance of the “ Nouvelles 
Recherches” in 1865. Even if the circumstances of the present 
time are far from conducive to a calm and deliberate discussion of 
the many points which suggest themselves, I venture to set forth 
a few of those which have presented themselves to me. 

Speculations as to the ultimate constitution of the matter 
around us, how far it could be subdivided without losing its proper- 
ties, and how much further even then is one which has engaged 
the attention of philosophers from the earliest times. In the words 
of one of my predecessors in this chair, Professor Daubeny, of 
Oxford, it ‘‘ appears to have perplexed mankind from the earliest 
dawn of philosophical inquiry, having exercised and baffled the 
ingenuity at once of the Hindoos, the Egyptians, the Pheenicians, 
the Greeks, the Schoolmen of the Middle Ages, and the still darker 
metaphysicians of Germany.” 

It is not my intention to discuss the atomic theories of the 
ancient philosophers, even if they did suggest and even decide 
that it was much more probable that matter was made up 
of definite particles rather than that it was continuous in structure, 
for these theories present but little real analogy to that enunciated 
by John Dalton more than a century ago. 

Dr. Daubeny rightly styles the two views indicated above as 
opinions, for more than this they could not well be until they were 
based on some kind of evidence, experimental or otherwise. These 
opinions are: one—that matter is composed of an assemblage of 
distinct and finite particles which are incapable of further division 
and are held together by some force; the other—that matter is 
quite continuous, and therefore there can be no limit to the divisi- 
bility of matter, the smallest conceivable particle of matter still 
being capable of further infinite subdivision. The philosophy of 
the Hindoos led them to the conclusion that matter was made up 
of particles too small to be the objects of sensation, for the particles 
of dust in a sunbeam were composed of several of them, and they 
concluded by reasoning which we need not analyse that the atom 
was the sixth part of the mote we see in the sunbeam. Nor need 
we waste time over the acute observations, deductions, and conclu- 
sions arrived at from these by the Greek and Roman philosophers 
and poets Democritus, Epicurus, and Lucretius. These have been 
dealt with by Daubeny and others much more completely and con- 
clusively than I am able to do. Similarly, it is not possible to 
attach great weight even to the opinions of Newton and Boyle, 
ingenious as are their arguments, backed up by intellects so acute. 
We have to remember that chemistry is an experimental science 
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siming at “ proving all things and holding fast to that which is 
9 . 

* ‘The quantitative experiments of Black, Wenzel, Richter, and 
lavoisier undoubtedly prepared the way for a real atomic theory. 
They established facts on definite quantitative lines which afforded 
, firm basis for arguments and demonstrated beyond any doubt 
that in certain chemical phenomena remarkable even if simple 
quantitative proportions reacted with one another. For the 
explanation and correlation of such a theory was required. 

The experiments of Black (1755) on “ Magnesia Alba,” in which 
he clearly proves what is the cause of the difference between the 
mild and the caustic forms of the alkalis and calcareous earths, 
marked a new departure in the mode of attacking chemical 
problems. We do not claim for him the law of the conservation 
of matter, although he wrote: ‘“ Chemists have often observed, in 
their distillations, that part of a body has vanished from their 
snses, notwithstanding the utmost care to retain it; and they have 
always found upon further inquiry, that subtle part to be air, which 
having been imprisoned in the body, under solid form, was set free, 
and rendered fluid and elastic by the fire. We may therefore 
safely conclude that the volatile matter lost in the calcination of 
magnesia is mostly air; and hence the calcined magnesia does not 
emit air or make an effervescence when mixed with acids.” His 
experiments, carefully tested by weighing, led to notable results. 
Nor do we claim for him any atomic theory, although he refers 
to atoms, as in explaining the action of boric acid on the alkali 
carbonates he says: ‘‘ They (the particles of boric acid) are most 
strongly attracted by such of these atoms as are destitute of air 
(i.e, caustic), and therefore join with them without producing an 
effervescence.” 

Wenzel’s experiments, which also were remarkably accurate, 
showed that when two neutral salts decompose each other the 
resulting compounds are also neutral. When barium nitrate and 
silver sulphate, for example, react they give barium sulphate and 
silver nitrate. This proves that the sulphuric acid required to 
combine with a certain quantity of silver oxide was exactly 
balanced by the amount of barium oxide which was combined with 
an amount of nitric acid required to saturate that quantity of 
silver oxide. Richter, following on these lines, drew up a table of 
acids and bases which respectively neutralised each other to form 
salts. He took as his standard 1000 parts of sulphuric acid, find- 
ing, for example, that to neutralise that quantity 672 parts of 
ammonia or 859 of soda were required, these quantities, in turn, 
requiring 712 parts of hydrochloric acid. All these quantities may 
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therefore be said to be equivalent to one another. Further, the 
numerous and accurate experiments of Lavoisier, with his clear 
statement that matter can neither be created nor destroyed, gave 
abundant data, and prepared the ground for theoretical explana. 
tions. 

Again and again in the history of science the accumulation of 
facts obviously requiring correlation leads to various suggestions 
more or less plausible being put forth from sources quite indepen- 
dent of one another. These in turn have led too often to acrimoni. 
ous and fruitless discussions as to priority. The atomic theory and 
its genesis has been no exception to this, for in 1789 a remarkable 
work was- published in Oxiord, entitled, ‘“‘ A Comparative View of 
the Phlogistic and Antiphlogistic Theories with Inductions,” by 
William Higgins. This essay seems at first sight to contain and set 
forth a theory of matter closely resembling that put forward by 
Dalton a few years later. Undoubtedly Higgins speculated on an 
atomic cor.stitution for molecules, and one can only wonder that if 
he had really attached to his speculations the meanings with which 
they might be credited after Dalton had enunciated his theory, why 
he did not carry them and their logical deductions much further 
than he did. His suggestions were embedded and hidden in much 
phlogistic matter, apparently without any clear ideas underlying 
them as to the nature of compounds. 

At all events it seems quite certain that Dalton knew nothing 
of Higgins and his theories, and that his ideas were entirely his 
own, arising solely and immediately from a desire to find some 
consistent explanation of many phenomena which he had observed 
and meditated upon in the course of years of scientific investiga- 
tions and measurements. As to whether Dalton devised his 
atomic theory to explain certain specific experimental results of his 
own or on the basis of a much wider outlook which included the 
results of others in addition, is doubtless a matter of considerable 
philosophic interest. This latter view, put forward by Roscoe and 
Harden from a study of Dalton’s notebooks, is probably the correct 
one. Having clearly stated the theory, he proceeded to establish 
it on a thoroughly sound experimental basis. 

On October 21st, 1803, Dalton read a paper to the Literary and 
Philosophical Society of Manchester, “On the Absorption of Gases 
by Water and Other Liquids,” the latter part of which is given as 
“Theory of the Absorption of Gases by Water, etc.,” and in the 
final paragraph he asks: ‘“ Why does not water admit of its bulk 
of every kird of gas alike?” and proceeds to state that he is nearly 
persuaded that the circumstance depends on the weight and 
number of the ultimate particles of the several gases, “ those whose 
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particles are lightest and single being least absorbable and the 
others more according as they increase in weight and complexity. 
An enquiry into the relative weights of the ultimate particles of 
hodies is a subject entirely new. I have lately been prosecuting 
this enquiry with remarkable success. The principle cannot be 
entered upon in this paper but I shall just subjoin the results as 
far as they appear to be ascertained by my experiments.” 


Tas.eE I. 


luble of the Relative Weights of the Ultimate Particles of 
Gaseous and other Bodies. 


Phosphorus 
Phosphuretted er 
Nitrous gas 


Nitric acid 

Sulphuretted hydrogen 

Carbonic acid 

Alcohol 

Sulphureous acid 

Sulphuric acid 

Carburetted hydrogen from stagnant water 
Olefiant gas 


1- 
4- 
4- 
5 
5- 
6- 
q- 
8- 
Q- 
9- 
9- 
13- 
14- 
15- 
15- 
15- 
15- 
19- 
25- 
6- 
5- 


0 
2 
3 
2 
5 
5 
2 
2 
3 
6 
8 
7 
4 
2 
4 
3 
1 
9 
4 
3 
3 


This, the first table of atomic and molecular weights, seems to 
show that at this date Dalton had clearly grasped the idea, not 
ouly of constant composition in compounds, but also that of mul- 
tiple proportion, and this in spite of his analyses and experiments 
being inaccurate, and therefore apt to be misleading. 

We have only to look at: 

Gaseous oxide of carbone 

Carbonic acid 


Olefiant gas 
Carburetted hydrogen from stagnant water.. 


Sulphureous acid 
Sulphuric acid 

Nitrous gas “com rove 
Nitrous oxide... ove 


The numerous sources of error inherent in even the best experi- 
mental methods then in use could not conceal from Dalton the 
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obvious connexions revealed by a study of these numbers. Th, 
proportions of carbon to oxygen in the oxides of carbon and of 
carbon to hydrogen in the two hydrides were too obvious. The 
values for sulphureous and sulphuric acid, whilst they do not give 
the true gravimetric proportions, indicate a multiple proportion s 
clearly as almost to suggest that “ the scientific use of the imagina- 
tion ” had been called into requisition to correct the imperfections 
of analytical methods. 

The new theory was very warmly welcomed and adopted in this 
country especially, and owes its rapid acceptation very largely to 
the energy and enthusiasm of Professor Thomas Thomson, of Glas- 
gow, who in 1804 had the theory explained to him by Dalton 
himself. With the exception of a course of lectures delivered in 
1804 at the Royal Institution in London, the public owes its first 
account to Thomson in his “First Principles of Chemistry,” by 
means of which it was made known to students of chemistry all 
over the country. 

The great influence possessed by W. H. Wollaston, the discoverer 
of rhodium and palladium, who was then Secretary of the Royal 
Society and afterwards its President, contributed largely to its 
immediate acceptance amongst scientific men. In January, 1808, 
Thomson showed that in the two well-known potassium oxalates 
one contained twice as much oxalic acid as the other for the same 
amount of potash, and similarly with regard to the two strontium 
oxalates he remarks: “ It is remarkable that the first contains just 
double the proportion of base contained in the second.” A fort- 
night afterwards Wollaston showed that the same held for the 
carbonates and sulphates, and pointed out that another potassium 
oxalate existed, which he called the quadroxalate, containing twice 
as much acid as the binoxalate or “ salts of sorrel,’ and four times 
the proportion in the normal salt. To yet another class interested 
in chemistry were the benefits of this theory brought home in a 
very practical manner by Wollaston. I refer to his adaptation of 
the principle of the sliding rule to everyday laboratory and works 
calculations concerning the quantities which ought to be employed, 
the yields which should be obtained, etc. Wollaston’s sliding scale 
of equivalents eighty and even a hundred years ago was to be found 
in every laboratory and continued in use for many years. The 
increasing complexity of the calculations and number of equivalents 
required in more modern practice rendered it impossible to engrave 
them on the scale which gave way to five-figure logarithms or 4 
modern slide rule. As I find the Society has not an example of 
this historic instrument, I hand over this specimen, which belonged 


9 THE WORK OF STAS AND PROUT’S HYPOTHESIS. 295 


to the late Dr. W. J. Russell, together with a pamphlet describing 
its use, which I had the good fortune to pick up some years ago. 

It need scarcely be pointed out that Dalton employed the teria 
“atom” alike to the smallest particles of elements and of com- 
pounds, for the distinction between atoms and molecules had not 
yet arisen. This conception was not long delayed, for the publica- 
tion in 1809 of Gay Lussac’s researches on the volumes in which 
cases react and combine with one another was followed in 1811 by 
the enunciation by Avogadro of his famous hypothesis, which 
has done so much to clear up difficulties and develop the Atomic 
Theory as we have it at the present day. 

Not only did Dalton put forward his theory in a more complete 
form in his “‘ New System of Chemical Philosophy ” in 1808, but 
he invented a system of notation which recalls somewhat our 
modern graphic formule in order to indicate the composition of 
compounds. The diagram on page 296 is copied from Plate 4 of his 
book, and the table following, which is condensed from Dalton’s, 
shows a notable increase in accuracy when compared with the 
figures given in 1803, though still leaving much to be desired in 
this respect. 

Amongst other notes to his table, Dalton says: “ It is not to be 
understood that all those articles marked as simple substances, are 
necessarily such by the theory; they are only necessarily of such 
weights. Soda and potash such as they are found in combination 
with acids are 28 and 42 respectively in weight; but according to 
Mr. Davy’s very important discoveries they are metallic oxides ; the 
former then must be considered as composed of an atom of metal, 
21, and one of oxygen, 7; and the latter of an atom of the metal, 
3), and of oxygen, 7.” 

The Daltonian notation and formule were soon superseded by 
those suggested by Berzelius, which with but slight modification 
are those universally employed at the present day. How conserva- 
tive even the great men of science are when it comes to comparing 
candidly their own inventions with those of others cannot be better 
or more amusingly illustrated than by Dalton’s remarks to Graham 
as late as 1837 concerning the Berzelian notation. 

“ Berzelius’s symbols are horrifying; a young student in chem- 
istry might as soon learn Hebrew as make himself acquainted with 
them. They appear like a chaos of atoms... and to equally 
perplex the adepts of science, to discourage the learner, as well as 
to cloud the beauty of the Atomic Theory.” 

I have perhaps already dwelt too long over the founding of the 
Atomic Theory, and shall not devote any time to the development 
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ELEMENTS. Plate 4. 
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Binary 


GO OD GO 08 Ce 


Ternary 


26 27 28 29 


Quaternary 
33 
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Tasie II. 


j, Hydrogen wc... ceeeeeee (IL) | 20. Mercury... ...cesseseeees 
9 AZOtC...cc0...cseeeeeeessseee (42) 5 | 21. Water or steam ......... 
3, Carbone ...sseseeceeeereee » Ax can ounnnnnneeenes . 
4, OXYQOM..+...eeeesseeeeneres (5-5) 7 | 23. Nitrous gas ...........06 (9°3) 
5, Phosphorus .........++e+++ (7-2) 9 | 24. Olefiant gas............... (5:3) 6 
6, Sulphur........00.s0eeee00 (14-4) 13 | 25. Carbonic oxide ......... (9-8) 12 
7, Magnesia ... .......s+0000 20 | 26. Nitrous oxide......... .. (13-7) 17 
LIMO... ...0.cccceseseeseeees 23 | 27. Nitric acid ............... (15-2) 19 
SS 28 | 28. Carbonic acid ........... (15:3) 19 
OR TD cicisuceasscsnsssones 42 | 29. Carburetted hydrogen (6-3) 7 
11. Strontites ..........00...00 46 | 30. Oxynitric acid ......... 26 
12. Barytes ........0..0+ vig 68 | 31. Sulphuric acid ......... (25-4) 34 
3 OS een 38 | 32. Sulphuretted hydrogen(15-4) 16 
14, Zine .....ccccccccccccceceees 56 | 33. Alcohol.............cc0cce0 (15-1) 16 
15. Copper .......se.-ceeeeeeees 56 | 34. Nitrous acid ............ 31 
fitntines | <acbbaceetetens . Acetous acid ...........+ 


| ree 
The first column refers to the number in the diagram, the figures within 
brackets are the values given in 1803. 


of the Molecular Theory and of the sharp distinction between 
atoms and molecules which we now recognise. This development 
is due largely to the hypothesis of Avogadro, and its extension 
and acceptation by both chemists and physicists, as Berzelius, 
Williamson, Odling, Laurent, and Gerhardt, and finally by Canniz- 
zaro, whose clear insight and powerful advocacy finally brought 
about the reconciliation of the apparent points of conflict between 
the hypothesis of Dalton and that of his fellow-countryman, giving 
us our present system of atomic weights, which has now held sway 
for the last fifty years. 

As has already been pointed out, the atomic weights of Dalton 
were somewhat crude, leaving much to be done in the direction 
of accurate determination. Fortunately, there came on the scene 
at this time the famous Swede whose determinations for years were 
in many instances unchallenged and in many others remain practi- 
cally as he left them. Even if the accuracy of the work of Thomson 
was very severely criticised by Berzelius, we must admit that he 
was a most assiduous worker in this field. In the preface to his 
“An Attempt to Establish the First Principles of Chemistry by 
Experiment,” published in 1825, he states that this work “ contains 
the result of many thousand experiments conducted with as much 
care and precision as it was in my power to employ.” In spite of 
this assurance, it must be admitted that the results do not com- 
pare at all favourably with those of Berzelius, which may be 
accounted for in part by their very number, and it is perhaps to 
these same inaccuracies and the marked predilection of the author 
VOL, OXI. N 
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for Prout’s well-known hypothesis that it was able from its first 
enunciation to obtain such a hold on chemists then and to maintain 
it even to the present day. 

It is to this theory and to the work of Stas which was especially 
directed towards an investigation of its claims to be seriously con- 
sidered as a law of nature, that I propose particularly to deal with 
to-day. Dr. William Prout, of Oxford, a portrait of whom hangs 
on our walls, put forward the captivating proposition that “The 
atomic weights of the elements are multiples of that of hydrogen,” 
He further pointed out that with the exception of those of carbon 
(then 6) and nitrogen, 14, and barium, 70, the atomic weights 
quoted by him were divisible by 4. 

As the determinations of atomic weights increased in accuracy 
doubts began likewise to grow in strength as to the validity of 
“ Prout’s law,” as it was not unfrequently styled. Marignac’s modi- 
fication to take 0°5 of the hydrogen unit as a common divisor 
would not fit all cases; even reducing this to half, that is, 0°25, as 
Dumas proposed, was not enough to bring all into line. It might 
be thought that this would be accepted as clear evidence that the 
hypothesis might be dismissed from the realm of practical politics 
in chemical matters. This is far from being the case, however, 
for everyone who has done any atomic weight work falls at one 
time or another under the spell it throws over him. It is useless 
to say to the worker in this field that the accurately determined 
values for chlorine and iodine are quite incompatible with this 
hypothesis. Did not Stas himself admit that if Ag=108, then 
Br=80 within the limits of experimental error? That would mean 
that 100°000 parts of silver should give 174°074 of silver bromide; 
Marignac’s experiments found 174°077 and his own 174°080, an 
extreme variation of only 1 part in 29,000 from what Prout’s 
hypothesis requires. The result of all research on this ratio up to 
the present time gives Ag: Br: :108:80°0089. 

Let us now return to Stas and to his work in establishing some 
of our fundamental laws on an unassailable basis. The ever-endur- 
ing monument of Stas is his ‘‘ Nouvelles Recherches sur les lois des 
proportions chimiques,’ published in 1865. An earlier work on 
atomic weights was published in 1860, and partly because of the 
criticisms as to the results and the conclusions drawn from these 
Stas undertook these “new researches” on a scale and in 4 
manner never before attempted. Even before 1860 Stas had 
begun his atomic weight work in collaboration with Dumas, their 
famous paper on the atomic weight of carbon being published im 
1841. The results arrived at in this research undoubtedly did 
much to predispose Stas in favour of the hypothesis of Prout. 
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In his earlier essay Stas begins by stating: “ All the analytical 
work undertaken for nearly a century leads us to admit that chemi- 
cal compounds possess a definite, constant and invariable composi- 
tion. To the proportions deduced from these researches the name 
of proportional numbers, of chemical proportions, of chemical 
equivalents and of atoms have been given. The illustrious Ber- 
zelius devoted a great part of his life to fixing the weight of the 
chemical proportions. His works on this subject will remain as 
imperishable monuments of his wisdom and his genius. The 
minute and repeated controls to which I have had the courage not 
to say temerity to submit them has convinced me that his analyti- 
cal skill has never been surpassed, if it has ever been equalled, by 
anyone. Berzelius, as one knows, concluded from his researches 
that no simple ratio exists between the weights of the atoms; he 
remained all his life convinced of this truth.” 

Stas then states Prout’s hypothesis, pointing out that the author 
had so little faith in it himself that he put it forth anonymously. 
He acknowledges that whatever opinion one may hold regarding it 
and whatever the verdict of the future may be regarding it, it is 
impossible not to recognise the rare penetration of the author, who 
deduced the specific gravity of hydrogen forty years before it was 
determined experimentally with as close an approximation to the 
true value. After remarking that Prout’s hypothesis was almost 
universally accepted in England as absolutely true, due largely to 
the publication of Thomson’s book, he says it was otherwise in 
Germany and France, owing to the great and legitimate confidence 
in the work of Berzelius. Even in England doubts would arise, 
and the newly-founded British Association in 1833 requested 
Turner to undertake his well-known researches on atomic weights, 
from which he concluded that Prout’s hypothesis was not exact. 
In 1839 Penny, of Glasgow, arrived at the same conclusion, 
although his results differed from those of Turner on several points, 
Stas admits that the results obtained by Dumas and himself again 
.brought the subject once more prominently before chemists by 
proving that the atomic weight of carbon agreed entirely with the 
fundamental hypothesis of Prout, whilst the syntheses of water by 
Dumas and by Erdmann and Marchand pointed to the same con- 
clusion. In 1842 and 1843 Marignac carried out a series of 
researches in order to subject the theory to a new and more rigorous 
examination, and concluded that whilst in the case of chlorine the 
unit was twice what could be admitted, it might still be admitted 
for the elements silver, potassium, bromine, iodine, and nitrogen. 
Therefore, according to Marignac, the principle might be exact, but 
the unit must be lowered to 4. 

N 2 
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Dumas in 1857 published his work on atomic weights, and 
although a strenuous advocate of Prout’s ideas he was constrained 
to admit that even Marignac’s suggested 4 unit could no longer 
meet the case, and that it could only be met by again halving it, s9 
that the unit now would be }, or 0°25 of the atomic weight of 
hydrogen. 

Such was the position when Stas began his earlier series of 
researches, published in 1860. He states that for many years he 
had devoted all his leisure to this problem, and continues, “ I say 
with pride that when I undertook these researches I had an almost 
absolute belief in the exactness of the principle of Prout.” 

I do not intend to treat in any detail of this earlier paper 
beyond giving the final results, which Stas maintained were quite 
irreconcilable with any possible modification of Prout’s statement. 
If the atomic weight of oxygen be taken as 0=16°00, then that of 


Silver, Ag is 107-943 (synthesis of nitrate) 
Chlorine, Cl 35-46 

Potassium, K 39-13 

Sodium, Na 23-046 

Nitrogen, N 14-041 

Sulphur, S 32.074 

Lead, Pb 206-906 (synthesis of sulphate) 

“i es .» 206-920 (synthesis of nitrate) 


The scheme of the “ Nouvelles Recherches” has not been appre- 
ciated in its entirety by the majority of chemists. The marvellous 
accuracy and the completeness of the methods of checking the 
results obtained, both analytical and synthetical, have taken 
hold of everyone’s imagination and admiration, whilst the funda- 
mental plan and the thoroughness of its execution have too often 
been lost sight of, probably because these fundamental proofs 
seemed almost unnecessary for the establishment of what was 
admitted on all hands. To Stas this was only true if certain 
theories were sound. Rigid and crucial experimental tests, there- 
fore, must be devised and carried out. 

As already stated, Stas in his earlier essay points out that the 
composition of compounds had long been recognised as constant 
and invariable. The controversies between Berthollet and Proust 
were regarded as having settled that point definitely. It was 
therefore not a little disconcerting to find that Marignac, who 
most nearly approached Stas in the accuracy of his work and might 
be regarded as his only rival, admitted that it is possible that there 
may be some, even if only very small, variations in the compost 
tion of compounds. If this were admitted, it was obvious that 
Prout’s principle might well be true, and the apparent exceptions 
and deviations from its requirements be rendered thus capable of 
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a simple explanation, as the chemical determinations of the atomic 
weights are deduced from the composition of compounds. 

It was therefore clear to Stas that before making any further 
experiments on the same lines, however much he might improve 
on them, it was of the first importance to settle once and for ever 
certain simple questions. 

To what degree of accuracy does the law hold that the composi- 
tion of all chemical compounds is fixed and invariable? Is it a 
law which is mathematically exact or is it only approximate? 
Boyle’s Law and Charles’s Law are universally accepted, although 
each individual gas varies slightly from the strict requirements of 
these laws, some in one direction and some in the opposite. Conse- 
quently, Avogadro’s Law can only be true under carefully selected 
conditions of temperature and pressure, and it is quite certain that 
these are not 0° Centigrade and 760 millimetres pressure. At suffi- 
cently high temperatures and low pressures gases and vapours 
may be regarded as in the condition of “ perfect gases.” 

If the law of constant proportions should prove to be of a similar 
approximate type and admit of any variation in the composition 
of compounds, then the further refinement of the accepted methods 
of determining atomic weights based on that constancy is unneces- 
sary and mere waste of time. 

The “ Nouvelles Recherches”’ are divided into three ‘“‘ Memoires,” 
of which the first is “ New Researches on the Laws of Chemical 
Proportions,” and this is divided into two parts, the first being 
entitled, “On the Constancy of Composition of Compounds called 
Stable.” To test this completely it was essential to have a standard, 
preferably an element which could be prepared at any time in a 
state of purity, and the element selected was metallic silver. He 
showed that by no fewer than nine different processes he could 
obtain this metal with an impurity not exceeding 6 parts in 100,000 
aa maximum, whilst two of these samples had only 1 part, one 
2 parts, and two 3 parts of impurity when compared with a sample 
which had been distilled in a crucible of pure lime by means of the 
oxyhydrogen blowpipe. Three samples prepared by Gay Lussac’s 
method contained 9, 16, and 25 parts of impurity in 100,000. The 
purity was tested by noting the amount of pure sodium chloride 
required for complete precipitation as silver chloride. 

He therefore could prepare silver pure enough to serve as a prac- 
tical and trustworthy standard. A compound which might exhibit 
variations of composition due to its source, mode of preparation 
under varying conditions of temperature and pressure had now to 
be selected, and ammonium chloride was chosen. The ammonia 
Was prepared (1) from sal ammoniac drastically treated with aqua 
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regia, (2) from ammonium bisulphate kept fused and treated with 
small quantities of nitric acid until the resulting mass was colour- 
less, and (3) from potassium nitrite reduced by means of granu. 
lated zine. 

The table of results is arranged in four series: 

I. Chloride produced at the ordinary temperature by combining 
hydrochloric acid with a solution of ammonia. Determination made 
at the ordinary temperature. 

II. Chloride sublimed at the ordinary atmospheric pressure, 
Determination made at the ordinary pressure. 

III. Chloride sublimed at ordinary pressure. Determination 
made at 100°. 

IV. Chloride sublimed in a vacuum. Determination made at the 
ordinary temperature. 

The numbers show the quantities of ammonium chloride which 
were required to precipitate 100,000 parts of pure silver: 


I. IT. ITT. IV. 
49-600 49-598 49-5974 49-598 
49-599 49-597 49-602 49-592 
49.599 49-593 49-597 —_ 

a 49-597 iat ont 

Mean value 49-5974. 

An inspection of these figures is sufficient to show that the pro- 
portion of chlorine in ammonium chloride, however the salt may 
have been prepared and at whatever temperature the reaction is 
carried out, is absolutely constant within the limits of inevitable 
experimental and personal error. 

Having thus satisfactorily proved that the proportion by weight 
of the elements in a compound is constant so far as can be tested 
by experiment, his next problem, which at first sight seems almost 
solved by and comprehended in the first, although fundamentally 
distinct from it, forms the subject of Part II. of the first 
“Memoire.” The law of constant proportions depends solely on 
experiment, being based on no ideas as to the constitution and 
matter and being quite independent of such. Not so with the 
second, which is set out as “Concerning the invariability of the 
proportions by weight of the elements forming compounds.” To 
understand this at all we have the idea of the elements consisting of 
particles of a magnitude which is definite and invariable for each 
element, no matter with what other element or elements it may 
combine. This requires an atomic theory to explain it. 

Stas points out that the idea that the proportions in which 
elements unite are invariable rests rather on the law of constant 
proportion than on a rigorous demonstration of Wenzel’s law of 
the law of multiple proportion. Experiments such as those of 
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Wollaston on normal and acid salts depend on neutrality measured 
by the aid of colouring matters. Similarly, all the analyses and 
syntheses carried out are equally useless for the purpose of proving 
the law of definite and invariable proportions to be exact in the 
mathematical sense, because however able an analyst may be there 
must always be a personal experimental error. 

How then can this law be tested? This was done in an extremely 
beautiful and simple way, which may be put in this form—if we 
take a compound containing three elements and by removing one 
of these elements obtain a new compound containing only two of 
these elements, the question is, will the proportion between these 
two elements in the new compound be ezactly the same as in the 
original compound or will it have been modified by the third 
element in any way? The two compounds selected first were silver 
iodate and silver iodide. The point to be settled was not whether 
silver iodate and silver iodide had each a constant composition, for 
that had been proved by Part I., but whether the ratio of silver 
to iodine was absolutely the same in these two salts, and the 
presence of the three atoms of oxygen in the iodate without any 
eflect whatever on that ratio. 

This seems an extremely simple problem to solve, and was chosen 
because of the delicacy of the tests for silver and for iodine. Stas 
showed that in taking quantities such as 30 grams of silver iodate 
they could be reduced by means of sulphurous acid to silver iodide 
without a trace of either silver or iodine remaining in excess in the 
liquid in which the reaction took place. An even more decisive ex- 
periment was that in which more than 75 grams of silver iodate were 
fused, then dissolved in aqueous ammonia, precipitated therefrom 
by pure sulphuric acid, and then reduced by the same means, 
giving a like result. As 1/10 of a milligram ‘could easily have 
been detected of either iodine or silver, we may safely say that this 
ratio had been tested and found to hold absolutely to an accuracy 
of 1 part in a million. 

The first experiments described seemed to indicate that there 
was always an excess of silver after reduction, and one can imagine 
the feelings of the investigator on discovering this apparent failure 
of the law, for the excess seemed to be almost constant in propor- 
tion to the quantity of iodate employed, and amounted to 35 to 37 
parts for 100,000 parts of iodate. This was found to occur, how- 
ever, only when the iodate was prepared from silver nitrate. When 
silver sulphate and either potassium iodate or iodic acid or silver 
dithionate and potassium iodate were employed, the reduction 
went as above stated, and the cause of the silver being in excess 
was traced to a small quantity of silver nitrate being carried down 
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(as is well known now) with the iodate and being set free on redye. 
tion to the iodide. 

The corresponding reactions with the chlorate and bromate wer 
found to hold with the same mathematical accuracy as for the 
iodide and iodate. The chlorate furnished an interesting variation, 
as it is a soluble salt, unlike the other two oxygen compounds, 

It is quite unnecessary to enter into any detailed account or 
criticism of the second and third “Memoires,”’ as these have 
formed the chief theme of the Memorial Lecture. It will be suff. 
cient to state the several propositions as set out by their author, 

Memoire II. is devoted to ‘‘ New researches on the atomic weights 
of silver, of iodine, of bromine, and of chlorine, made with the 
object of determining whether the atomic weight of silver deduced 
by means of these three elements is the same and whether these 
atomic weights conform to the hypothesis of Prout.” 

This was accomplished by the scheme outlined below. The atomic 
weight of oxygen being the standard, O=16°00 was easily brought 
into direct comparison with the simple haloid salts through the 
iodate and corresponding salts. The various steps were: 


1. Syntheses of silver iodide. 
2. Syntheses of silver bromide. 


3. Complete analyses and analyses by difference of silver iodate. 
4. Analyses of silver bromate. 
5. Analyses of silver chlorate. 


These led to the following numbers :— 


Marignac found. 
Ag = 107-930 107-928 
Cl =35-459 35-455 
_ Br =79-954 79-945 
I =126-857 126-843 

Memoire I11. is entitled “ Researches made with the object of 
determining and controlling the atomic weight of nitrogen, of 
bromine, of chlorine, of silver, of lithium, of potassium, and of 
sodium.” 

These investigations utilised other reactions, so that the whole 
scheme should not depend solely on silver and its haloid salts. This 
was accomplished by employing : 

I. The transformation of chlorides into nitrates. 

II. The transformation of silver into its nitrate. 

III. The determination of the ratio between potassium bromide 
and silver. 

The results of the earlier essay and of the “ Nouvelles Recher- 
ches” are compared in the following table with those given by the 
International Atomic Weight Committee for 1903 and for 1917, 


© Were 
or the 
lation, 
$, 
nt or 
have 


rr, 
ights 
| the 
luced 
these 


omic 
ight 
the 


"0 THE WORK OF STAS AND PROUT’S HYPOTHESIS. 305 


Taste ITI. 
Atomic Weights. 


Stas. International Committee. 


1865. 1903. 1917. 
107-93 107-88 
35-45 35-46 
79-96 79-92 
126-85 126-92 
39-15 39-10 
23-05 23-00 
7-03 6-94 
14-04 14-01 
32-06 32-06 
206-9 207-20 
206-920 — — 


A glance at this table will serve to indicate clearly why the accu- 
racy of Stas’s work is proverbial. More than fifty years have passed 
and these values tested and checked in numberless ways, by the 
uewest and most critical methods, by workers in all countries, but 
how little have any been changed! I have altered the figures so 
as to give those of Stas himself instead of giving, as he does, the 
means of his own results and those of Marignac. 

Summing up the results of his work, Stas maintains the view ex- 
pressed by him in 1860 as the consequence of his earlier work that 
“No common divisor exists between the weights of simple bodies 
which unite with one another to form all definite compounds.” 
In 1865 he continues: “I consider therefore that the hypothesis of 
Prout is a pure illusion, and I regard ali the substances worked 
upon as undecomposable as distinct beings having no simple 
proportion by weight existing amongst them.” 

Before considering the verdict of the present day as to the value 
and position of Prout’s hypothesis I should like to review some of 
the work on points in which I have been more or less personally 
interested. 

The first is that relating to the ratio between the two elements 
which have been proposed and widely adopted at one time or 
another as standards of reference, namely, hydrogen and oxygen. 

This is the most fundamental ratio of all, and I think we may 
conclude that it has now been finally settled. The densities of the 
two gases under normal conditions, the ratio of the volumes in 
which they combine to form water, and the complete syntheses of 
notable quantities of water have engaged the laborious attention of 
many workers, who have employed both the most refined physical 
and chemical methods in the solution of this problem. Many 
sources of error have been detected and avoided, and the names 

n* 
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which stand out most prominently in this field are those of Lord 
Rayleigh in this country and E. W. Morley in America, who 
work stands out as a classic worthy to be alongside that of the 
“Nouvelles Recherches” of Stas. The final point on which there 
was still some discrepancy was that relating to the accurate deter. 
mination of the volume ratio of the gases at standard temperature 
and pressure. 

For this value Morley, in his paper published by the Smithsonian 
Institution, gives the following values: 

Ratio of volumes of oxygen and hydrogen which combine ... _—_2-00269 

Scott has found the value 2-00285 

2-0037 

Also: 


Ratio of densities, mean of all previous experiments 19-9005 
Ratio of densities, my own experiments 15-9002 


Whilst the ratio of the densities seems to be settled, the propor- 
tion by volume in which the gases combine, a necessary factor to 
utilise this for the ratio of the atomic weights, was left somewhat 
uncertain. An exceedingly able paper in which all the modern 
methods of liquefying, drying, and measuring gases have been 
brought into requisition was published last year in the Philoso- 


phical Transactions by Burt and Edgar, two Fellows of our Society, 
the excellence of whose previous work on atomic weights has been 
more than maintained in this. They measure directly the com- 
pletely dry gases at 0° and 760 mm., and arrive at the conclusion 
that one volume of oxygen requires 200288 volumes of hydrogen 
to combine with it, a result differing from my own (2°00285) by 
only 3 parts in 200,000. This is the more remarkable as in my 
experiments the gases were measured saturated with aqueous 
vapour and at the ordinary laboratory temperatures and pressures, 
the necessary corrections being applied to reduce the experimental 
value 2°00245 to standard conditions. According to the Inter 
national Committee’s report for 1917, if O=16, then H =1-0077(2), 
whence if H=1, O=15°8774. 

It may safely be said that no work undertaken to determine 
the atomic weight of any element has led directly or indirectly 
to such an “increase of natural knowledge ” as that centring 
round nitrogen. 

The atomic weight deduced from the densities of the gas itsell 
and of its gaseous compounds differed notably from that arrived 
at by purely chemical methods. The determination by Lord 
Rayleigh of the difference between the densities of what was 
formerly called “nitrogen from the air” and nitrogen from com- 
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pounds led to other fields of discovery which need not be entered 
into here. 

Lord Rayleigh’s experiments showed the relative densities of 
oxygen and nitrogen as 16°00:14°0055: 

Leduc’s value is 14-0030 
Whytelaw-Gray’s value is 14-0025 

As the deviations of these two gases from the gaseous laws are 
of the same order, these numbers must represent very closely 
their atomic weights, and the number 14°044 given by Stas must 
be wrong. 

As I shall have to mention a question of probability very shortly 
it is interesting to recall what Stas says about the probability of 
various values for nitrogen: “The probability that this value, 
14044, might be as low as: 

14-040 “3 

14-030 “0 
14-020 “0 
0 

0 


1278 


14-010 5 
14-000 , 


cee 70 

“The value 14°040 is then possible, as it has in its favour three 
chances in ten; but the value 14°030 is already excessively improb- 
able and the others can be considered as practically impossible. 
These researches establish sufficient proof that the value 14°00 
admitted at the present time by almost all chemists as representing 
the atomic weight of nitrogen, oxygen being by hypothesis = 16°00, 
is inexact. The figure 14°00 is wrong by 1/350.” 

Yet the impossible has come to pass In a paper which I read 
before the Society in 1901 I showed that the ammonium bromide 
used by Stas must have been impure, as he was unable either to heat 
it to a moderate temperature without its becoming grey or to 
sublime it without the product being yellow, whereas I had no diffi- 
culty in both heating and subliming what I had prepared without 
any trace of colour appearing. The results also indicated differ- 
ences, as might be expected, which I now reduce in terms of 107°88 
for the atomic weight of silver: 

Stas. Scott. 
NH,Cl = 53-507 53-491 
N 14-019 14-000 
NH,Br = 97-986 97-950 
N 14-035 13-999 

My results were criticised by Richards in 1904, who summed up 
ly stating: “It seems probable that the atomic weight of nitrogen 
s not less than 14°02 and not over 14°04, probably being nearer 
to the latter figure than to the former.” Next year “brought my 
tevenge, for in 1905 Richards and Wells showed that the atomic 
n* 2 
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weight of chlorine requirea correction, and in a note to the 
Proceedings of that year I showed that, recalculating my experi. 
mental numbers with the new values, my values for the atomic 
weight of nitrogen deduced from both the chloride and the bromide 
agreed with one another and with that from physical data, whilst 
those of Stas agreed neither with the latter nor with one another, 
as the figures above show. 

Although I have never succeeded in tracing the impurity (which 
I suggested might be a trace of platinum) in the ammonium 
bromide of Stas, another interesting example of the desirability 
of constant repetition of atomic-weight determinations occurred in 
the case of iodine. On April 30th, 1902, I gave a brief account of 
some work on the atomic weights of tellurium and iodine, two 
elements which seem to have exchanged the places assigned to them 
in the periodic arrangement of the elements, and no experimental 
persuasion has sufficed to induce tellurium to give up the higher 
place. Employing a compound which contained both elements and 
seemed peculiarly adapted for atomic-weight determinations, | 
incidentally made two syntheses of silver iodide. Of these deter- 
minations I gave at the time no experimental details, but merely 
the weights of silver and silver iodide. The point which I desire 
especially to record here is that the iodine was purified with great 
care as recommended by Stas, and the syntheses carried out on his 
lines throughout; yet a higher value for iodine was arrived at. 
Still more remarkable was the publication five weeks afterwards by 
Ladenburg, who arrived at a number almost identical with that 
given by me, but by a method entirely different. He maintained 
that Stas’s iodide of silver always contained chloride, and that to 
this was due his low value. The higher value has been thoroughly 
established by work on other ratios by Baxter and others of the 
Harvard school. 

I have no time to deal in detail with the other of this pair of 
interesting elements. As I have indicated above, tellurium still 
has its atomic weight recorded as higher than that of iodine, and 
no attempts to split off a higher member of the same family have 
met with any success. What we know as tellurium seems to be as 
well defined an element as either selenium, sulphur, or oxygen. The 
exhaustive and conclusive paper by H. B. Baker and Bennett pub- 
lished in our Transactions in 1907 leaves little hope for a solution 
in the direction of splitting ordinary tellurium into two elements. 
Lenher’s work gives equally little hope in this direction, whether 
the tellurium be obtained from the Old World or the New. 
Although it cannot be regarded as an explanation in any sense, but 
rather one of those facts still awaiting an explanation, it wé 


RENCE 


tO the 
experi. 
atomic 
romide 
whilst 
other, 


which 
onium 
bility 
ed in 
nt of 
, two 
them 
ental 
igher 
} and 
ns, | 
eter- 
rely 
esire 
Treat 
. his 

at. 
: by 
that 


TO THE WORK OF STAS AND PROUT’S HYPOTHESIS. 309 


‘nted out in the above note that if we divide the atomic weights 
of each of the halogen elements by those of the corresponding 
members of the oxygen group, the quotients constantly diminish 
and there is no reason why in the case of the last this should 


not fall below unity : 
F 19:0 aa 79°92 | 
a"we 5°" ao 
Cl 32-06 I 126-92 
s ~ 35-467 1106 Te “i375 ~°*** 
This tendency of the quotients to fall is exhibited in other 
groups in varying degrees, as shown in the horizontal lines in the 


following scheme: 
se = 1057 v= 1025 pp = 1025 Oe = 1034 FP 1015 
7 = 1210 =1102 + =1069 T 71041 
Hj =118i g= Be = 1009 Te. = 993 
yal p= 2 yg = 1056 pp = 1060 

Ihad hoped ere this to have communicated the results of a much 
nore comprehensive study and determination of the atomic weight 
of carbon by means of the tetra-alkylammonium bromides, but for 
various reasons which can well be understood recent events have 
prevented its completion, although the results so far obtained seem 
fully to justify the conclusion announced to the Society in 1909 
that the atomic weight of carbon deduced from a compound con- 
taining grouped carbon atoms is notably higher than that derived 
irom compounds containing only one carbon atom in the molecule 
ot by the combustion of carbon itself to carbon dioxide. In 1909 
Ifelt that it was premature to speculate on this, even although the 
experimental error in such determination should be very low, being 
distributed over eight carbon atoms. An interesting paper by 
J. Moir published in 1912 deals with some such points. 

There are several other recent determinations of atomic weights 
to which I should have liked to refer in some detail which have 
especial interest to our Society, having been communicated to our 
Transactions, such as those of vanadium and of tin carried out on 
the lines of the Harvard school with the same attention to detail so 
characteristic of it, but time fails me. 

How does all this work bear upon Prout and his hypothesis? Is 
there anything in his principle or is it a mere illusion, as Stas 
concluded? I have already alluded to the atomic weight of nitro- 
gen and the relative probabilities of its being 14°04 and 14-00 as 
calculated by Stas. At the end of his paper “On the Atomic 
Weight of Aluminium,” Mallet, taking H =1 and the atomic weights 
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of eighteen elements considered by him as accurately enough 
known, calculates the probability that so many of them shoyli 
approach so nearly to whole numbers by mere chance is as 1: 098 

R. J. Strutt, taking O=16 and the nine best known atom 
weights as given by Richards in 1898 to three places of decimals 
arrives at practically the same degree of probability, which we may 
state as being a thousand chances to one against its being by mere 
chance or 1000 to 1 in favour of there being something in Prout's 
principle, and concludes that “we have stronger reasons for 
believing in the truth of some modification of Prout’s law than that 
of many historical events which are universally accepted as unques 
tionable.”’ 

Finally, even without calling in the aid of the mathematical 
theory of probabilities, no one who thinks on such questions can 
avoid asking: Can it be by chance that the atomic weights of two 
elements so dissimilar as carbon and oxygen are to one another 
as 3:4 exactly, or why are C:N:0:F: :12:14:16:19? 

Are the atomic weights of silver, chlorine, bromine, and iodine 
so determinedly opposed to Prout’s hypothesis as is usually sup- 
posed? We must remember that these three halogens are deter- 
mined directly against silver. I admit that if O=16 and 
Ag=107°88, then neither silver nor the other three elements can 


be represented by numbers which would come pean Marignac’s 
0 


modification of Prout’s hypothesis. Let us suppose, However, that 
the ratio of O:Ag may be wrong, and calculate from the latest 

atomic weight table the values which would correspond with 

Ag =108°000, 

we find Cl= 35°4994, 

Br= 80°0089, 

I=127°0578. 

If we take Stas's value for I (126°85) } [=126-991. 

and correct it in the same way 

Are these numbers, differing respectively by 0°0006, 0°0089, and 
0°0578 (or 0°009), so conclusively against Prout’s hypothesis as to 
entitle anyone to dismiss it as a “pure illusion”? Before doing 
so, let him consider the effect of recent work on the atomic weights 
of silver and of iodine, even if it has not improved the position. 
Is that work final? Again, do not the atomic weight investiga 
tions on “ordinary lead” and “lead from radioactive sources’ 
suggest possibilities which must make everyone hesitate to pro 
nounce too dogmatically on a question like this? The atomic 
weight of fluorine is given as a whole number referred to oxyget, 
and it in no way involves reference to silver as a practical standard. 
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Does this not force us, in spite of all the accurate work done to 
bridge over the system O:Ag:Cl, Br, or I, to keep an open mind 
as to whether O:Ag::16:107°88 may not be incorrect, and 
0:Ag: :16:108 yet prove to be true? 

Inasmuch as further research is required to clear up the many 
apparent discrepancies and perfect and extend the periodic classi- 
feation of the elements from being a more or less qualitative 
expression into one having a definite quantitative and exact mean- 
ing, so I look forward confidently to future investigation to focus 
out what is the true expression underlying Prout’s principle 
and show clearly a real light which may be universally regarded 
as a safe beacon in the quest of truth, and lose the character of a 
“will-o’-the-wisp ” which it has borne in the eyes of so many 
distinguished men for a hundred years. 


In retiring from the chair which, in electing me to fill, you did 
me the highest honour I can ever hope to receive, I wish to thank 
the Council and the Society as a whole for all the help and 
encouragement received from them during these two troublous 
years in my endeavour to enable the Society to take a worthy part 
in the great struggle at home and at the Front in which the 
Empire is engaged. To my colleagues, the other officers, I can 
never sufficiently express my gratitude for the self-denying way in 
which they have placed their time and energy at my own and the 
Society’s disposal. 

The work of our paid staff has been enormously increased, but 
both Mr. Carr and Mr. Clifford have met the loss of their trained 
assistants who have been called to the colours just when beginning 
to be really useful by devoting themselves even more indefatigably 
to the service of the Society and to that of the country in the 
small part of their time which is their own. Our Editor and his 
staff and abstractors have not been worked quite so hard as in more 
peaceful times, and this has enabled the Council to allow Dr. Cain 
to undertake work of high national importance in more directions 
than one. 

To the varied allied Societies who have co-operated so readily 
and loyally in enabling us to deal satisfactorily with the various 
suggestions and inventions sent to us, our especial thanks are due, 
and in uniting to form a General Committee for discussing and 
pronouncing on questions of general policy and taking any neces- 
sary action I feel a great step towards useful co-operation amongst 
chemists and their varied branch societies has been taken. Parti- 
cularly do we wish success to the newly-founded British Association 
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of Chemical Manufacturers, of which the preliminary meetings were 
held in this room. 

Finally, I ought not to overlook another indication that chemists 
are coming slowly into their own by pointing out that six of the 
fifteen candidates selected this year for the Fellowship of the Royal 
Society have been for many years Fellows of our own Society, 
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FREDERICK WILLIAM CATON. 
Born SEpremMBer 267TH, 1884; Kittep 1n Action June 281u, 1916. 


FREDERICK WILLIAM Caton was born at Brighton. He showed 
early a marked aptitude for matters scientific, and this promise 
was subsequently realised in his brilliant academic career. 

He received his primary education at the Brighton Grammar 
School, where he was a student from 1895 to 1903. In 1900 he 
passed the Senior Cambridge Local Examination with First Class 
Horours, winning the “ Turrell Gold Medal.” Three years later, 
while still at school, he passed the London Intermediate B.Sc. with 
First Class Honours, and was awarded a Free Studentship at the 
Imperial College of Science. He did not avail himself of this 
award, hovever, but accepted a Postmastership at Merton College, 
Oxford. 

In 1904 he was awarded an exhibition by the Grocers’ Company, 
which was available at Merton, and two years later, although ill 
at the time, he passed the Final Honours School in Natural Science, 
obtaining a Second Class in Chemistry. The same year he obtained 
the London B.Sc. witia First Class Honours in Chemistry. 

After the completion of his successful academic career, Caton 
was engaged during the following two years at the Wellcome 
Chemical Research Laboratories under Dr. F. B. Power. The work 
done there resulted in the publication of two papers in the Society's 
Transactions, namely, “The Synthesis of 2:4 :6-Trimethoxyphenyl 
3:4-Dimethoxystyryl Ketone, a Methyl Derivative of Eriodictyol, 
Homoeriodictyol, and Hesperitin” (T., 1910, 98, 2062), “The 
Absorption Spectra of some Substituted Pyrazines and their Salts” 
(T., 1910, 98, 2524). 

He then entered the teaching profession, and was appointed 
demonstrator of chemistry, under Professor J. T. Hewitt, at the 
East London College, where he remained for one year. 

In 1910 he accepted a post as senior science master at Taunton 
School, where he was in residence for more than two years, and, 
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while here, he proceeded to the degree of M.A. (Oxon.). He was 
then engaged as county chemistry master under the Staffordshire 
County Council, and early in 1915 he applied for, and was granted, 
leave to answer his country’s call. 

He joined the Inns of Court Officers Training Corps in April, 
1915, and after a period of training at Berkhamstead was gazetted 
to the 11th South Staffordshire Regiment in the following July. 

It was recognised, however, that his scientific knowledge should 
be utilised, and he was therefore sent to the Staff College at Cam- 
bridge for special training. In March, 1916, he was transferred 
to a special brigade of the Royal Engineers, and soon afterwards 
proceeded to France. He made the supreme sacrifice on June 28th 
while in action, and lies buried at Aix Noulette, near Loos. 

As a chemist, Caton possessed a very sound knowledge, and his 
capacity for imparting the principles of the subject to his pupils 
and others was wonderful. The obituary notices which appeared 
at the time of his death made special mention of his “ valuable 
chemical work.” 

He was most sensitive in temperament, and was always placing 
slf in the background, often to his own disadvantage. His 
thoughts, words, and deeds were constantly for others, and these 
are fully exemplified in his connexion with the Oxford University 
Settlement (Mansfield House) at Canning Town, where he resided 
for some time. His work and sympathy there were much appre- 
ciated, and in him the people at Canning Town have lost a devoted 
friend. 

He accepted responsibilities with cheerful mien, and exerted 
great power of concentration until the object in view had been 
attained. He was held in high esteem by his pupils and friends, 
even as he valued their friendship, and always encouraged them in 
their labours and other interests, for Caton was very versatile. 

His athletic record was one of which anybody would be proud. 
He played goal in Association football for his College at Oxford, 
and was awarded his colours. He was also a keen tennis and 
cricket player, although an accident to his knee at football pre- 
vented him from taking a very active part in these games during 
his latter years. 

Caton was generosity and sincerity personified, and his friends 
were always able to make use of his advice, which he gave ungrudg- 
ingly, and which was always valuable. Endowed with such sterling 
qualities, it is only natural that he was very popular with those 
who knew and appreciated him. His career, alas! has been cut 
short in the prime of youth, but he died just as he had lived, 
and he would not have wished it otherwise ; verily, a fulfilment of 
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the saying of his Lord and Master: “Greater love hath no map 
than this, that he lay down his life for his friends,” 


H. Rocersoy. 


CHARLES GEORGE EDGAR FARMER. 


Born November 28TH, 1885; Kittep 1n Action 
Aveust 18TH, 1916. 


CuarLes Grorce Epcar Farmer was the eldest son of Mr. Charles 
E. Farmer, the Senior Chancery Registrar, and was born on 
November 28th, 1885. 

He was educated first at Cheam School under Mr. A. S. Tabor, 
won numerous prizes there, played for two years in the cricket 
eleven, and arrived at the top of the school. He went in Septem- 
ber, 1898, to Eton to Mr. A. A. Somerville’s house, of which he 
ultimately became for a year house captain. Here again he won 
a large number of prizes, amongst which in his last year was the 
school chemistry prize, and finally attained sixth form. He was 
also, in his final year, one of the two keepers of the fives, and played 
in the cricket eleven both against Winchester and Harrow, and 
had the high average of 30 in all school matches. From Eton he 
matriculated at New College, Oxford, and continued his studies in 
chemistry under the tutorship of Mr. A. F. Walden. His tutor 
writes: “ His work at Oxford was, if I may use the phrase in its 
best sense, very intensive and therefore conventional. He set 
himself the task of taking honours, both in mathematical modera- 
tions and in the final school in chemistry, and this in three years 
instead of the four years which most people would have considered 
—and very reasonably—was necessary for such an undertaking. 
Practically his first year, 1904-1905, was taken up with his work 
for Mathematical Mods., in which he got his Second. This was 
really as high a class as anyone could expect in the time, and only 
his keenness would justify any feeling of disappointment. Then he 
did in two years the- work which most men find it quite hard 
enough to get into three years for the final school in chemistry. 
Here, too, he very nearly succeeded in getting the First, which was 
really more than could be expected in the time. His fourth year 
he spent working with Dr. H. B. Baker at Christchurch, and the 
fact of Dr. Baker offering him the vacancy there was in itself no 
small testimonial to the high opinion which he had gained. I can 
only say of him that while reading with me for his Final School 


OBITUARY NOTICES. 315 


he showed himself extraordinarily keen, alert, and appreciative, 
but that the necessarily high pressure at which his work was done 
did not invite and could hardly admit very much originality of 


view.” 
He played in his second year in several of the university trial 


cricket matches, but failed to get his Blue, and though much 
pressed to play his third year, persistently declined, being anxious 
to devote his whole time to his degree, which he was determined, 
come what may, to get in his third year. His tutor writes:—‘ He 
was one of the best cricketers of his time at Oxford, and would 
have been much more heard of in that connexion had he not been 
so hard a worker in the other field.” He was elected a Fellow of 
the Chemical Society in December, 1906. 

On leaving Oxford he entered at the Inner Temple, and after 
reading for six months with Mr. Hugh Bischoff in Lincoln’s Inn 
determined to follow the patent line, and entered the chambers of 
Mr. A. H. Colefax in the Temple. He became associated with 
Mr. Colefax in some important patent cases, and had every 
prospect of a brilliant future, but in 1915 he felt it his duty to join 
the Army and obtained a commission in the King’s Royal Rifles, 
being promoted a lieutenant in 1916. He went to the Front in 
April, 1916, as bombing officer to the 7th Battalion, and was killed 
in action on the Somme on August 18th, 1916. 

It might be mentioned that he was a member of the M.C.C., 
I Zingari, Free Foresters, and Eton Ramblers Cricket Clubs, and 
was hon. secretary to the last-mentioned club for a period of six 
years. He had hosts of friends in every walk of life, and his 
death was most deeply deplored. 


JOHN GRIFFITHS. 
Born Avcust 247TH, 1881; Kititep in Action Juty 1st, 1916. 


Captain JoHN GrirriraHs was educated at Alun County School, 
Mold, and took his degree of B.Sc. at the University of North Wales 
(Bangor). He was appointed science master of Cleobury Mortimer 
College, Salop, and afterwards at Larne Grammar School, Co. 
Antrim, Ireland, and also the Technical Schools (Larne). He took 
4 great interest in the Ulster movement, and at the outbreak of 
war accepted a commission with the Ulster Volunteers, and was 
attached to the 12th Batt. of the Royal Irish Rifles, crossing to 
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France in 1915. He was wounded in June, 1916, while leading his 
men in a bombing raid, for which he received congratulations, 

He was killed in action on July lst whilst leading his men with 
great gallantry right up the enemy’s trench at Beaumont-Hamel, 

He was mentioned in Sir Douglas Haig’s despatch of November 
13th, 1916, for distinguished service in the field. 

Captain Griffiths always took an active interest in sport of all 
kinds, and was captain of the Science Crew, U.N.C.W. Boating 
Club while at college. 

He was also captain of the Larne Rugby Football Club when his 
team won the Provincial Town’s Cup. 

He was beloved by all he knew, and his loss is keenly felt by all 


who ever came in contact with him. 
C. GRIFFITHS. 


JAMES McCONNAN. 


Born Octoser 30TH, 1881; KitLtep rn AcTION 
SEPTEMBER 197TH, 1916. 


SeconpD-LIEUTENANT JAMES McConnan, 11th Battalion Manchester 
Regiment, was killed in France on September 19th, 1916, while 
organising a patrol to reconnoitre Mouquet Farm, having recently 
been promoted Temporary Captain, commanding “ Q” Company. 
He was born on October 30th, 1881, and was the youngest son of 
the late Mr. Charles McConnan, of Birkdale and Liverpool. He 
was educated at Liverpool College, Lodge Lane, until the age of 
fourteen years, when he went to Neuchatel, Switzerland, more par- 
ticularly with a view to the study of modern languages. Later he 
studied at Cassel, Germany, and subsequently in 1899 he became a 
student in the Honours School of Chemistry at University College, 
Liverpool, at that time one of the three constituent colleges of 
Victoria University. In 1902 he took the B.Sc degree of this 
university with honours in chemistry and later the M.Sc degree. 

Proceeding immediately after graduation to Jena, he became 4 
pupil of Knorr in the study of pyrazole derivatives, and after two 
years obtained the Ph.D. degree. The results of his research work 
here appeared in the form of a paper in his own name on 
“1-Phenyl-3 : 4 :5-trimethylpyrazole” (Ber., 1904, 37, 3525). 

On his return to England he took up research at Liverpool on 
amide-tautomerism, and was appointed assistant lecturer and 
demonstrator in organic chemistry at the newly-established Uni- 
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versity of Liverpool. While holding this appointment he identified 
himself earnestly with the training of students in technological 
organic chemistry among other duties, and at the same time carried 
out some important investigations on derivatives of salicylamide 
in connexion with the peculiar labile isomerism displayed by that 
group, the outcome of which appeared in papers published in the 
Transactions (1906, 89, 1318; 1907, 91, 193; 1907, 91, 196). 

He was awarded the D.Sc. degree of Loverpool in 1907. In the 
same year he became a Fellow, and left England to take up the 
post of research chemist to the River Plate Fresh Meat Company 
in the Argentine, where he spent six years and carried out several 
investigations on the technology of animal by-products. These 
investigations were, however, not published, and his work here was 
terminated by the death of his father in 1913, when he was called 
home to succeed him as director of Messrs. Jackson, McConnan, and 
Temple, rope manufacturers. 

Not losing his keen interest in chemical technology, he at the 
same time embarked on research again at Liverpool University 
on the constitution of ‘‘ naphthalene-oleo-sulphonic acid,’ in con- 
nexion with the acid hydrolysis of fats, and later entered Messrs. 
lever Bros., at Port Sunlight, as a member of the research staff. 

On August 9th, 1913, he married Miss Gladys Gibson, of Birk- 
dale, and took a residence at Waterloo, near Liverpool. Their 
domestic happiness was destined to be of brief duration, and he 
never saw the infant son whom with his widow he leaves. 

On the outbreak of war McConnan, with instinctive patriotism, 
enlisted as a private in the 12th King’s Liverpool Regiment, and 
after training at Aldershot, Bisley, and Chelsea Barracks, was 
qlickly promoted to the rank of sergeant. On March 15th, 1915, 
he received a commission in the 11th Manchester Regiment, and 
underwent further training at Lichfield until September, 1915, 
when he was sent out to Gallipoli. He participated in the memor- 
able evacuation, was sick in hospital at Mudros, and later, after 
joining his battalion near Alexandria, was in hospital again, with 
sunstroke, at El Kantara. With his battalion he left early in 
July, 1916, for the Western Front, and owing to his excellent know- 
ledge of French served for a little time as billeting officer. Alto- 
gether he served nearly thirteen months abroad without leave, 
to meet his end nobly in the great Battle of the Somme. A keen 
officer imbued with an intense love of country, he gave up his home 
and love of science in response to the great call, and threw himself 
thoroughly into the military duties he had voluntarily taken up. 
His loss cannot be regarded merely as the sacrifice of a gallant 
officer on the field of honour; it is a melancholy reflection on the 
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indiscriminate system prevailing on the outbreak of war whereby 
the full chemical experience and brilliant ability of such a man 
were lost to the greater service of his country. 


A. W. Trruertey. 


CYRIL DOUGLAS McCOURT. 
Born Marcu 111, 1883; Kittep rn Action Ocroser 8ru, 1916, 


Seconp-LigvTENANT Cyrit Dovcitas McCourt was born in 1883, 
and was educated at St. Charles’s College, North Kensington, 
whence he gained an institute scholarship at the City and Guilds 
of London Central Technical College, now the Imperial College of 
Science and Technology. After gaining his diploma (the Associate 
ship of the City and Guilds of London Institute) in chemistry, he 
served for a brief period as private assistant to Professor H. E. 
Armstrong, F.R.S. 

{n 1903 he was appointed chief chemist to the Morgan Crucible 
Company, Ltd., which post he resigned six years later in order to 
collaborate with Professor W. A. Bone, F.R.S. (then of the Uni- 
versity of Leeds) on the industrial applications of the new principle 
of incandescent surface combustion, which collaboration speedily 
resulted in the many important inventions comprised under the 
“ Bonecourt ” system of surface combustion, the value of which 
has since been recognised the world over. In pursuance of this 
work, Mr. McCourt became successively managing director of 
Radiant Heating, Ltd., and chemist and technical adviser of the 
Bonecourt Surface Combustion Company, Ltd., and later on also 
of the Commercial Laboratories, Ltd. He was subsequently 
appointed consulting chemist to the Morgan Crucible Company, 
Ltd., which position he held up to the date of his death. 

He showed great versatility and ingenuity in all his experimental 
work, and he carried out numerous and brilliant researches on ore 
concentration, on refractory materials, on the applications of 
surface combustion, and on problems of furnace construction. His 
frank and generous nature, broad outlook, and manly character, 
combined with his scientific attainments, were highly valued by 
all with whom he came in contact, and endeared him to a wide 
circle of friends. 

Shortly after the outbreak of the war he abandoned the research 
work to which he was so passionately devoted in order to joi 
the Army, where he anticipated that his scientific training and 
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knowledge of the management of men would stand him and his 
country in good stead. He laid down his life for his country while 
vallantly leading, as bombing officer, an attack made in France on 
the night of October 8th, 1916. 


G. P. McCourt. 


RAYMOND WILLIAM NICHOLS. 
Born JANUARY 16TH, 1885; KiLLEp 1n Action OcToBER 23RD, 1916. 


(aprain RayMonp WILtLiAM Nicuots, 102nd Canadian Regiment, 
was the youngest son of the late Mr. H. N. Nichols, of Wantage, 
and grandson of the late Mr. Henry Nichols, chemist, of Peters- 
field. 

He was educated at King Alfred’s Grammar School, Wantage, 
and joined the staff of Messrs. Arthur Guinness, Son, and Co., Ltd., 
in February, 1901, and on the formation of the Guinness Research 
Laboratory in 1901 was employed as assistant to Mr. F. Escombe, 
BSc., the botanist. He relinquished this work about five years ago, 
and after a short time in England he emigrated to Canada, where 
he soon obtained an important position at the Government Experi- 
nental Farm at Ottawa, and while there was elected a Fellow of 
the Chemical Society. 

He joined up in July, 1915, and his abilities soon won him pro- 
motion, and he received his captaincy before leaving Canada. 
After special training in England he left for France in July last 
year. After some time in the trenches his battalion was ordered 
to storm the Regina Trench on October 20th, which it did with 
conspicuous ability, taking the trench. The battalion lost heavily 
in officers, however, Capt. Nichols being the senior officer left. After 
consolidating the position the battalion was being relieved on 
the night of the 23rd, and Capt. Nichols was walking down a com- 
munication trench with another officer when a shell burst over 
them, killing Capt. Nichols instantly, but leaving his companion 
unharmed, 

Of a genial disposition, he made many friends, who deeply regret 
his death. In his work he was always spoken of most highly, and 
his senior officer wrote that “he did his work as an ideal officer 
should, as L know well from my own observation.” 


J. A. NiIcuHoLs. 
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WILLIAM GILBERT SAUNDERS. 
Born 1889; K1iLLEp 1n ACTION SEPTEMBER 61H, 1916, 


CapTAIN AND ApguTant W. GiLBert Saunpers, Ph.C., who was 
killed in action in France on September 6th, 1916, was a director 
of Ayrton, Saunders and Company, Ltd., wholesale druggists, 
Liverpool, and only son of Mr. W. H. Saunders, chairman of the 
company. 

Immediately on the outbreak of war he placed himself at the 
service of the Government, thinking possibly his chemical know- 
ledge and experience might be utilised. After waiting, however, 
for about three months without receiving any replies except 
acknowledgments of the applications sent by him, and feeling, to 
use his own words, “ashamed to walk about the city,” he joined 
the 5th King’s Liverpool Rifles as second lieutenant, afterwards 
becoming lieutenant and adjutant and, in July, 1916, captain 
and adjutant of the battalion. 

He received his early education at Marlborough College, Liver- 
pool, after which he proceeded to Bonn, Germany, and Neuchatel, 
Switzerland, at both of which places he remained a little more than 
a year. In order to acquire some knowledge of the retail drug 
trade, he spent a year with Dr. Charles Symmes, Ph.D., of Liver- 
pool, and Mr. Herbert Taylor, of Woolton, after which he entered 
the service of Ayrton, Saunders and Company, Ltd., as the head 
of the packed drug department. At the age of about twenty 
years he began studying under Mr. Humphrey Jones, Liverpool, for 
the Chemists’ Minor Examination, which he successfully passed 
within a few days of becoming twenty-one, and he then proceeded 
to London and studied for the Chemists’ Major Examination at 
the Pharmaceutical College, Bloomsbury Square; after having 
passed the Major, he spent some time there doing research work. 
He then returned to Liverpool, qualified for entrance to the 
Liverpool University by passing the matriculation examination, 
and entered as a studetit in the chemistry department of the Unt 
versity, and subsequently he passed the intermediate, and later 
the final, examination of the Institute of Chemistry. About 
the same time he was elected a Fellow of the Chemical Society. — 

Captain Saunders was most versatile with his pen, and contrr 
buted various scientific articles to the Pharmaceutical Journal and 
articles of general interest to the Liverpool local Press, besides 
contributing war stories to the Bystander, which, we understand, 
were much appreciated. He was a splendid-looking young fellow, 
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¢ ft. 3 in. in height, and not only popular, but much liked by 
everyone with whom he came into contact. He was a member of 
the “Lyceum” and ‘“‘ Sandon” Club, of the Philomathic Society, 
and also of the Dingle Golf Club. 

His early and tragic death cast a very heavy gloom over the 
members of the staff in Hanover Street, by whom he was universally 
respected and beloved, so much so that a most handsome and 
striking brass plate to his memory has been erected in the vestibule 
of the Company’s offices in Hanover Street, voluntarily contributed 
by the entire staff. 

‘The following extract taken from a letter written to his father 
by the colonel of his regiment to some extent shows the apprecia- 
tion with which he was held: 

“To me his loss is a peculiarly personal one, for we had been 
closely associated for many months past. In all our work and play 
he was in very truth my right hand man, on whom I relied a 
very great deal, and right well did he carry out his job. He never 
failed once, always ‘going,’ cheery, ready to do anything or go 
anywhere, and in the quieter moments of our intimate life proving 
a splendid companion, with his well-filled brain, to while away the 
tedious days. A splendid fellow passed away when those arch- 
fends got him with a cursed shot. The wicked wastage comes home 
to one anew; knowledge of exceeding value and a brain useful in 
the world, in the best sense of the word, is stilled, and yet he would 
not have been out of it—he just couldn’t, and he gave his life for 
the sake of the ideals of right, decency, and honour, which were 
part and parcel of himself.” 


W. H. Saunpers. 


ANDREA ANGEL. 
Born January 9TH, 1877; Diep January 19Tu, 1917. 


Ayprea ANGEL was born at Bradford, a son of Thomas Angel. His 
maternal grandfather was an Italian refugee who, after ten years’ 
imprisonment on political grounds in Northern Italy, escaped to 
this country. Angel was educated at Exeter School. He was 
elected to a college exhibition at Christ Church, Oxford, in 1896, 
and three years later obtained a first class in the Final Honours 
Schools in Chemistry. Afterwards he was elected to the Dixon 
Research Scholarship at Christ Church, and the work he was able 
to do by the aid of this endowment gained the award of the B.Sc. 
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research degree at Oxford. Though small in stature and slight 
in build, he was athletic, playing half-back for his college XV {oy 
several years. He was a formidable opponent at lawn tennis, and 
his graceful manipulation of a racing punt will long be remep. 
bered on the Isis. The game which attracted him most, probably 
because he had special difficulty in mastering it, was golf. He had 
an extraordinary mechanical facility ; his laboratory apparatus was 
a marvel of ingenuity and neatness. Soon after taking his degree 
he was given charge of the non-collegiate students who were reading 
chemistry, and later he filled the same function at Keble and 
Brasenose Colleges. He was appointed lecturer in chemistry at 
Brasenose in 1906. In 1912 the Lee’s Readership in chemistry, 
which was a university appointment joined with a college tutorship, 
came to an end, and Angel was appointed tutor in chemistry at 
Christ. Church. 

When war broke out he was anxious to join the army, but the 
need of chemists of his training in explosive factories being s 
great, he undertook the management of such an establishment. 
In control of the women workers at this factory Mrs. Angel was 
associated with him and gave invaluable assistance in the successful 
carrying out of the work. 

His teaching at Oxford was most thorough, and he was able, by 
his enthusiastic devotion to his subject, to make good chemists out 
of what seemed at first very unpromising material. He was never 
tired of insisting on the practical uses of chemistry and of opposing 
a tendency which was manifest in the university at the time to 
treat it rather as an academic subject. He had a large share in 
drawing up the course of chemistry for the students of the newly- 
established school of engineering, and the courses of lectures which 
he delivered to those students were models of the right combination 
of theory and practice. In spite of the fact of his time being 
largely taken up by teaching, he seldom spent less than two to 
three hours a day in the research laboratory at Christ Church. His 
earlier research work was done in collaboration with Dr. A. Vernon 
Harcourt, F.R.S., whom he first assisted in the working out of the 
well-known apparatus for the administration of measured doses of 
chloroform as an anesthetic. A joint paper on the decomposition 
of cupric acetate by heat exhibits the special characteristics of both 
the workers, Harcourt’s extreme care in neglecting no detail and 
Angel’s accurate methods of work. A later paper by Angel alone 
which describes the discovery of cuprous formate, illustrates in a 
remarkable degree the perseverance, the ingenuity, and the patience 
of a born chemical investigator. When in charge of the explosive 
factory his research faculty was not allowed to lie dormant; oné 
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ry which he made there will probably have great import- 


diseove 


ance. 
On Friday, January 19th, an accidental fire broke out in one of 


the upper rooms of the factory. Realising that a fire in such a 
place could scarcely be stopped, all Angel’s care was given to 
vetting the workers, largely women and girls, into a place of 
afety. Fearing that some had not been able to escape, and know- 
ing that at any moment the inevitable disaster might happen, he 
reentered the building just before the final catastrophe. No 
‘gldier in the course of the war has with more self-sacrificing 
courage given his life in an attempt to save others. The post- 
humous award of the Albert Medal of the first class was made to 
his widow by the King on March 24th. Loyal to his friends, 


levoted to his duty, he lived a gentleman, he died a hero. 
H. B. B. 


EDWARD DAVIES. 
Born May 257, 1833; Diep June 20TH, 1916. 


EpowarD Davies was born in Manchester in 1833. He was the 
youngest of fifteen children of Thomas Davies (born 1782), who, 
descended from a Montgomeryshire landed family, had settled in 
business in Manchester. Shortly after the birth of Edward 
Davies, his father retired from business and eventually settled in 
Lymm, where his son attended the grammar school. Being a deli- 
cate child, games had little attraction for Edward Davies, who 
spent his spare time in working at chemistry and electricity, in 
which pursuits he was encouraged and assisted by his father. 
Unfortunately, the latter died while Edward Davies was still a boy, 
and the executors, having no idea that there was any career in 
science, apprenticed him to a Manchester cotton firm, Messrs. Jas. 
Maclaren and Sons. The work here was entirely uncongenial to 
him, but he continued his interest in chemistry, and attended even- 
ing lectures given by Dr. Stone, who was Lecturer in Chemistry at 
the Manchester Royal School of Medicine. 

When Davies had finished his apprenticeship he at length per- 
suaded his mother to allow him to enter the laboratory of Dr. F. 
Grace Calvert, F.R.S., of the Manchester Royal Institution, as a 
pupil for a four years’ course. Before the end of this time he was 
acting as assistant to Dr. Calvert. In a letter written by Davies 
he stated : 
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“During my stay with Dr. Calvert I carried out experiments jp 
various researches which he made, on the removal of sulphur from 
coke, the manufacture of picric acid, and the production of colours 
from aniline. I also did the practical work and analyses for his 
report on ‘ sewer rivers,’ especially on the Medlock, and my name js 
associated with his in a paper read before the Chemical Society on 
chlorine tetroxide.” 

In 1858 Davies was elected a Fellow of the Society, and later 
contributed a paper on the action of heat on ferric hydrate in the 
presence of water (Journ. Chem. Soc., 1866, 19, 69). 

Shortly before he finished his course with Dr. Calvert the latter 
introduced him to Professor Graham, then Master of the Mint, and 
some little time after Graham offered him a position as assistant 
chemist, but as Davies had then entered into an engagement with 
a Manchester firm, he was, much to his regret, obliged to decline 
it. Some little time after Davies took the position of chemist in 
the Weston Point Alkali Works, then belonging to the firm of 
Messrs. John and Thomas Johnson, and in 1864 he started a private 
practice as analytical and consulting chemist in Liverpool, taking 
over the practice at the Royal Institution of Dr. Edwards, who was 
leaving for Canada. 

Davies continued to practise in Liverpool until 1906, when he 
retired from active work. 

For eleven years Davies acted as public analyst for the Isle of 
Man. He was also for a time Lecturer in Physics in Queen's 
College, Liverpool, which was instituted to give higher education to 
the working classes. During his long professional career he was 
associated with various notable cases, the earliest being in con- 
nexion with the Fenian rising in 1867 in Manchester and the 
explosion at Clerkenwell prison in London. 

Of the many legal cases in which Edward Davies was engaged 
that which claimed the public attention most was the Maybrick 
trial. In this case the whole of the analytical work was per- 
formed by Davies, although at the trial the late Sir Thomas (then 
Dr.) Stevenson was called as a witness to confirm the tests made 
and conclusions arrived at by Davies. The interest attached to 
this case brought Davies prominently before the public and estab- 
lished his reputation as one of the best toxicologists of his time. 

In all educational matters and in the conduct of various scientific 
societies in Liverpool, notably the Literary and Philosophical and 
the Microscopical Societies, and the Chemists’ Association, he took 
the keenest interest, having served as president of all three bodies. 

Of a somewhat retiring nature, Davies was not one to force 
himself prominently before his fellows; but by his sincerity, 
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ents in capacity, urbanity, and wonderful tact he compelled the admira- 
a _ tion of a wide circle of intimate friends, many of whom, alas! had 
-Olours 


predeceased him. 


or his ALFRED SMETHAM. 
ame js 


ty on 


later 


n the 


HEINRICH DEBUS. 


Born Jury 137, 1824; Diep DecemBer 91u, 1915. 


latter 

» and Hewrich Desus was born on July 13th, 1824, at Wolfshagen, near 
stant Cassel, where his father, Valentine Debus, carried on business as a 
wie iyer.* His mother died when he was about two years old, and 
cline in the following year his father married her sister. While still 


or quite a child he left Wolfshagen, and went to live with his grand- 
a of parents at Cassel. Here his education began by attendance at the 
vate Biirger-schule, supplemented later by private lessons in the even- 
cing ing. When he left school his father wished him to enter his 


Was 


business, but Heinrich himself did not take to the idea, wishing 
instead to continue his education. Accordingly he entered the 
Polytechnic School of Cassel. Here he came under the influence 
of Robert Wilhelm Bunsen, the teacher of chemistry, who soon 
afterwards received a call, as Professor Hxtraordinarius, to the 
University of Marburg, whither he was followed later by young 
Debus. While the latter was about eighteen and was still living 
with his grandparents at Cassel, an uncle who lived opposite them 
would often see a light burning in his room at 2 or 3 o’clock in the 
morning, and would shout across to him to leave his books and go 
to bed. 

From Cassel, Debus went to the University of Marburg, where 
he resumed his chemical studies under his former teacher, Bunsen, 
for whom he retained throughout life the highest admiration, 
regarding him as a model to be kept in view by all cultivators of 
physical science. In 1847 he obtained the Licentia Docendi as 
7 Privat-docent,” and in the same year Bunsen appointed him his 
= In November, 1848, he graduated as Doctor of Philo- 
sophy. 

A few weeks previously he had made the acquaintance of two 
young Englishmen, Edward Frankland and John Tyndall, who had 
tome to Marburg to study science. This acquaintance, which soon 
Mipened into a lifelong and intimate friendship, had an important 


he 


* The business is still continued (or was before the war) and has become 
one of the largest of its kind in Germany. 
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influence on Debus’s subsequent career, since it led to his coming 
to England in 1851 and to his living for thirty-seven years in this 
country with only occasional visits to Germany. At the date 
referred to both Frankland and Tyndall were masters in an impor- 
tant boys’ school in Hampshire, known as Queenwood College, 
under the headmastership of Mr. George Edmonton. But in 1859 
Frankland was appointed (in succession to the late Lyon Playfair 
afterwards Lord Playfair) Professor of Chemistry at the Engineer: 
ing College, Putney, and consequently resigned his post at Queen. 
wood. At his and Tyndall’s recommendation, Debus was appointed 
to succeed him, and then began his long career as a teacher of 
chemistry in England. In 1853 Tyndall was elected Professor of 
Natural Philosophy in the Royal Institution, and accordingly he 
too left Queenwood ; he was, however, succeeded by his close friend, 
Thomas Archer Hirst, who also had been at Marburg, where he 
and Debus had learned to know and esteem each other. The four 
friends—Frankland, Tyndall, Hirst, and Debus—who had studied 
together at Marburg and taught together at Queenwood, not only 
remained warmly attached to each other throughout life, but wer, 
all of them, within a few years from the time above referred to, 
recognised as ranking among the most distinguished scientific men 
of the country. Debus remained at Queenwood until 1867. In 
that year he removed to Clifton to become teacher of chemistry 
and physics in Clifton College, then under the headmastership of 
Dr. Percival (now Bishop of Hereford). Here he remained three 
years. In 1870 he was appointed Lecturer in Chemistry in the 
Medical School of Guy’s Hospital, and henceforward he made his 
home in London until he returned to Germany in 1888. In 1873 
he became Professor of Chemistry in the Royal Naval College, 
Greenwich, where his friend Hirst was Director of Studies. He 
retained this appointment, as well as his lectureship at Guy’s, until 
his retirement, on reaching the age limit, in 1888. He acted as 
Examiner in Chemistry to the University of London for three 
periods, namely, from 1864 to 1869, 1871 to 1876, and from 1878 
to 1882, five years being the longest time during which, according 
to the University regulations, an examiner could hold office cov- 
tinuously. 

Debus was elected a Fellow of the Chemical Society in 1859 and 
was a Vice-President from 1871 to 1874. 

He was elected a Fellow of the Royal Society in 1861, and served 
on the Council from 1870 to 1872 and again from 1881 to 1883. 

He was President of the Chemical Section of the British Associa 
tion at the Exeter meeting in 1869. 

In spite of an unmistakable German accent, which he never lost, 
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jd small peculiarities of dress and manner,* Debus always gained 

the respect of his pupils, whether schoolboys or naval lieutenants. 

He had a self-respecting manner and quiet dignity which soon 

wavinced them that, though a foreigner, he was not a man with 

shom they could take liberties. 

He was a most loyal and faithful friend, genial in private inter- 
wurse and not without a sense of humour. He was a trifle obstin- 
ein conversation, for he had fixed opinions on most subjects, and 
was apt to express them as though they settled all controversy, 
nther than as matters for discussion. ‘‘ Now I will show you,” 
yas a very common phrase with him; but even his somewhat 
pedagogic ways were rather amusing than irritating to those 
yho understood him. After his retirement from the Royal Naval 
(ollege and his return to live in Germany, he used to pay an annual 
visit of a few weeks to London, always returning to the same 
lodgings near Clapham Common, when he divided his time between 
working at the Davy-Faraday laboratory and looking up his old 
frends. He was much given to hospitality, and kept up his 
nembership of the Atheneum and Savile Clubs, apparently more 
for the sake of being able to entertain his friends than in order to 
have a comfortable retreat for himself. 

Debus was not specially prolific in the production of original 
cntributions to science. With the exception of three papers on 
“Chemical Affinity’ + (1853-1854) and an investigation into the 
combustion of gunpowder (1883), all his published experimental 
papers seem to have had to do with organic chemistry. Indeed, 
when in 1869 he was President of the Chemical Section of the 
British Association he devoted his Presidential Address to a review 
of the theories then being discussed among organic chemists, giving 
as his reason that organic chemistry was the branch in which most 
work was being done and which was advancing most rapidly. 
Debus’s first paper, on a chemical investigation of madder root, 
was published in 1848, when the state of organic chemistry was very 
different from what it is now. Broadly speaking, the progress of 
organic chemistry may be divided into four periods or stages. In 
* How little Debus himself was conscious of any such peculiarities is 
shown by a trifling incident that took place during the Franco-German 
war. He wanted to go to Germany and proposed to travel through 
france, and, when a friend objected that it was not likely he would be 
allowed to pass, his answer was “But why not? I shall travel as an 

an? 

+ The method of experiment was the partial precipitation of a mixture 
of baryta-water and lime-water by carbonic acid, or of mixed solutions of 
tarium chloride and calcium chloride by sodium carbonate, and the com- 
Parison, in each case, of the composition of the precipitate with that of 
the original solution. 


328 OBITUARY NOTICES. 


the first period the work of chemists consisted in the separation 
identification, and examination of natural products, or of _ 
stances derived from them by familiar and often long-known pro- 
cesses. Chevreul’s “Récherches sur les corps gras,” Liebig ani 
Wohler’s investigation of oil of bitter almonds and its derivatives 
those of very many chemists into alcohol and ether, as well 
into the separation of “essential oils” and natural alkaloids, may 
serve as illustrations of the kind of work referred to. The con. 
parison and co-ordination of the results so obtained led, in the 
second period, to the recognition of what may be called natural 
families of chemical substances, the several members of one family 
being seen to resemble more or less closely, in their mutual genetic 
relations, the corresponding members of another family. What is 
meant will be sufficiently indicated by reference to the formic, 
acetic, propionic . . . groups, the benzoic group, etc., and by recall. 
ing the fact that words such as alcohol, aldehyde, acetone, etc, 
originally used to designate individual substances, are now applied 
in a generalised sense, and often to substances which show no 
obvious external resemblance. The generalised use of such name 
implies the recognition of the similarity of chemical function of the 
compounds to which they are applied. A natural result of the 
order of ideas we have tried to indicate was that much of the work 
of organic chemists was directed to attempts to complete chemical 
families by the search for members, which were represented in one 
family but seemed to be missing in another. This was the era oi 
“new compounds,” and with the exception of his paper on 
madder—which belongs to what we have above called the first 
stage of the science—Debus’s researches in organic chemistry 
belonged to this second stage. It may suffice to mention in illustra. 
tion his discoveries of glyoral and glyoxylic acid, which occupy, 
in the C, group of compounds, positions of great theoretic 
interest. 

Somewhat earlier than the middle of the last century a great 
deal of work was done, especially by French chemists, in studying 
the action of chlorine and its analogues on organic substances. This 
work, of which Dumas’s research on trichloroacetic acid may be 
taken as the classical example, not only supplied chemists with au 
immense number of new compounds, but modified and extended 
their ideas as to what compounds were possible. 

In the third stage of the science the problems which mainly 
occupied the attention of organic chemists were those which related 
to the chemical constitution of compounds, not in the sense of the 
order of combination or of the relative positions of the atoms i @ 
molecule, but in that of the changes which gave rise to the coir 
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pounds under discussion, or to those to which these compounds, in 
their turn, can give rise by their transformation. It was shown, 
especially by Williamson and Gerhardt, that an immense number of 
facts of this nature could be concisely expressed and brought into 
correlation with each other by adopting. as a common standard of 
comparison for a large number of compounds one and the same 
substance of relatively simple constitution, for example, water or 
hydrochloric acid. Thus arose the system of classification of com- 
pounds according to “ types,” with the “rational formule” founded 
thereon. This system, which was carried out by Gerhardt in his 
famous ‘ Traité de Chimie Organique” for the whole range of 
organic chemistry so far as was possible at the time, was discussed 
and clearly expounded by Debus in his Sectional Address to the 
British Association in 1867, already referred to. From the classi- 
fication of compounds by reference to the types HCl, H,O, H,N, or 
H,C, respectively, it was a natural step to recognise the so-called 
valency of an atom as a determining factor in the constitution of 
the compounds into which it enters (Cowper, Odling, Kekulé). 

In the fourth stage methods of inquiry made possible by physical, 
rather than by chemical, discoveries are leading to the discovery of 
the actual structure of complex molecules, including the order of 
combination and the relative positions of their constituent atoms. 
These methods, however, have hitherto been applied almost exclu- 
sively to mineral compounds; moreover, they had not been dis- 
covered during Debus’s working days. They therefore do not call 
for discussion in the present connexion. 

It need scarcely be said that, in pointing out successive stages 
through which the study of organic chemistry has passed, there is 
no idea of suggesting that such stages can be sharply marked off 
from one another, or that one stage came to an end and another 
began at a definite date. They rather merge gradually into each 
other, certain branches of the science having arrived at one stage 
while others were-in an earlier, or more advanced, stage. Personal 
differences, too, of taste, inclination, or of opportunity work inevit- 
ably in the same direction. 

It is not surprising that when his official duties in this country 
came to an end Debus should have decided to return to Germany. 
All his early associations were there. He had formed no domestic 
ties in England and he had outlived the group of early friends 
attachment to whom had been an inducement to come here in the 
first instance. He had plenty of newer friends among whom he 
was always welcome, but when Hirst and Tyndall and Spencer 
and Frankland were gone, there seemed to be no one with whom 
he lived in close and constant intimacy. A home in Germany, with 
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fairly frequent visits to England, seemed to afford quite appropriate 
conditions for his last years. 

Miss Maxwell Simpson, daughter of Debus’s old friend, the late 
Professor Maxwell Simpson, of Cork, and niece of another close 
friend, Dr. Archer Hirst, has most kindly supplied the writer with 
some recollections of Debus’s mode of life at Cassel, the result of 
several visits she paid him there after his return to Germany in 
1888. What follows is nearly in Miss Simpson’s words :— 

After his retirement from the Royal Naval College, Greenwich, 
he returned to Cassel and took up house with an only sister, to 
whom he was deeply attached. She died in 1891. This was a 
great sorrow to Dr. Debus, and many of his friends in England 
were anxious he should now make his home in London near them. 
But he could not be persuaded; he moved to another flat, No. 4, 
Schlangenweg, where he remained to the end of his life. 

He led a most regular, simple life, doing the same things every 
day. He was very orderly, methodical, and punctual. Meals were 
to the minute, and if his visitor did not appear as the clock struck 
the hour, a tap would come to her door to say that the meal was 
“fertig.” After breakfast, at which he always ate hot rolls, he 
went into his study and worked at scientific papers until dinner, at 
one o'clock. This was the chief meal of the day. There was always 
light German wine, of which he only took one glass, but always 
tried to make his visitor take two; and when she refused he would 
quote the Quaker who gave this advice to his son: “My boy, 
make your head while you are young, and when you are old you 
will be able to drink like a gentleman.” After dinner he would 
take a nap until coffee came at 3 o'clock. Coffee drinking was a 
deliberate affair; while it went on he would talk delightfully of old 
friends and things that had happened more than fifty years before. 
After coffee he would go for a long walk, nearly always the same, 
and often as much as twelve miles. When eighty-six years old he 
walked twelve miles on end. He never sat down to rest when 
out for a walk, having the national fear of a draught, however hot 
the weather. In the house he kept his rooms very warm and 
seldom opened the windows, for he said it was foolish to make heat 
in a room and then open the windows to let it out. Supper was at 
seven—always tea, which Dr. Debus made himself. Unfortunately, 
he nearly always forgot to put the lid on the teapot after pouring 
on the boiling water—much to Miss Simpson’s unhappiness, for she 
liked her tea very hot. At 10 o’clock he would say good-night, but 
did not go to bed until midnight. 

He was most just in all his dealings, and absolutely straight. It 
would have been impossible for him to do anything he thought 
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wrong in order to benefit himself. He certainly was a “ selfless 
man and stainless gentleman.” 

He was fond of music, and once a fortnight he would take Miss 
Simpson to the opera, always walking there and back. He had 
many friends and relations in Cassel, but few, if any, who shared 
his scientific interests. He lectured in the winter months to young 
men at the Chemical Institution. When scientific men, English or 
German, came to Cassel they always paid him a visit. He was very 
fond of young people, and at Christmas his little friends always 
found presents for them on the tree, which he enjoyed as much as 
any of them. He subscribed to many local charities, and con- 
stantly had visits from Sisters of Mercy, to whom he always gave 
help. He was very hospitable, and liked to see his friends at his 
dinner-table. Up to the last he always did the carving himself, 
and could not bear the idea of not being able to do things. Al! 
through the winter he took a cold bath and often would break the 
ice on the water. 

He had his own fixed ideas on all subjects, great and small, and 
did not like anyone to contradict him or argue with him. 

Miss Simpson records that when she arrived at Cassel for the 
last time, in 1912, he was at the station to meet her, though 
eighty-seven years of age. When she was leaving at the end of 
her visit he said he was sorry he could not see her off; they must 
say “Goodbye” in the house. She answered, “It must not be 
goodbye, but ‘ Auf Wiedersehen,’”’ and adds, “ Alas! it has proved 
to be goodbye.” 

On July 13th, 1914—three weeks before the fateful August 4th— 
Dr. Debus completed his ninetieth year, when a number of his 
English friends joined in sending him an address of congratulation 
and good wishes. In commemoration of the same occasion Pro- 
fessor Anschiitz, Kekulé’s successor at Bonn, wrote a very genially 
worded sketch of Debus’s career, pointing out, in more detail than 
has been attempted in this notice, the nature and importance of his 
chemical work. From the tone of his references to Debus’s life 
in England, Professor Anschiitz seems to have been as little 
conscious of the impending catastrophe as his English colleagues. 

Dr. Debus died on December 9th, 1915. 

G. C. F. 
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WILLIAM ESSON. 
Born 1838; Diep Avucust 28ru, 1916. 


Witu1am Esson lived as a boy in Inverness, where his father was 
manager of the gas works. He went to school at Cheltenham, 
where he had the advantage of a master of sufficient distinction 
in mathematics to have become a Fellow of the Royal Society. He 
was elected to a scholarship at St. John’s College, Oxford, and won 
the University scholarships in mathematics and honours in a 
classical examination. After taking his degree he was elected toa 
fellowship at Merton College. Later on he was appointed Professor 
of Geometry in the University. 

In about the year 1863 Esson came to the chemical laboratory 
of the University, where I was then demonstrator, to begin the 
study of chemistry. It may have diverted him from the regular 
and perhaps fruitful course of study that at that time I had begun 
an inquiry into the laws of connexion between the conditions of 
chemical change and its amount, in which the experimental results 
needed for their interpretation a mathematical treatment beyond 
my range. I asked the help of my pupil, who became interested 
in the subject, and we worked at it together, though intermittently, 
until near the end of his life. Our first paper was sent to the 
Royal Society in 1865 and our last in 1912. The three reactions 
which we studied were those of hydrogen oxalate and hydrogen per- 
manganate, of hydrogen dioxide and hydrogen iodide, of ferric 
chloride and stannous chloride. The first of these proved to be of 
a complex character, which rendered it less well suited to the 
investigation of a natural law, but provided material to a mathe 
matician ; and an “ Appendix”’ by Esson “ containing a theoretical 
discussion of some cases of chemical change” (Phil. Trans., 1866) 
is probably for chemists who are also mathematicians the most 
important part of the paper. 

The second inquiry was comparatively straightforward. The 
experimental part was chiefly observational. A cylinder holding 
the mixed liquids was stationed in front of a clock beating seconds, 
and Esson and I stood looking down upon it, when a change which 
he had forecast was due, counting the seconds silently and noting 
the exact time when a change from colourless to a perceptible blue 
first occurred. Often the intervals were short. In this quasi-astro- 
nomical branch of chemistry for forecasting, observing, and record- 
ing, no one could be better than Esson was. When results had 
been obtained, the methods of calculation which establish the con- 
clusion that the rate of change varies directly with the mass of each 


333 


OBITUARY NOTICES. 


belligerent, and also with the mass of every neutral, the presence of 
which affected it, were wholly his. 

In discussing the measurements of the influence of temperature 
on the rate of chemical change, Esson discovered what he believed 
to he a general relation, the formula being 4/k’=(7'/T')", where 
k and k! are the rates of chemical change at the absolute tempera- 
tures 7 and 7’ respectively. In calculating from the observed 
rates and the corresponding temperatures in many sets of observa- 
tions the value of the constant ¢ in a formula which seemed applic- 
able, k/k,={(e+t)/(e+,)}", he found it to be 272°6, a number 
not to be distinguished from 273, the difference between zero Centi- 
grade and the absolute zero, and carrying with it the not improb- 
able conclusion that at this temperature at which gaseous mole- 
cules cease to move, chemical atoms are also at rest. 

In an appendix (Phil. Trans., [A], 212),-which was Esson’s last 
contribution, he compares the figures, calculated on different 
formule as agreeing with experimental results, by authors who had 
measured the rate of chemical changes, with those which his formula 
gave. He had watched for papers on the subject and noted the 
results during many years, and he shows that in almost every case 
there was a better agreement between the numbers found and 
calculated by using the formula which he had proposed. 


A. ¥. @. 


JOHN FERGUSON. 
Born JANUARY 23RD, 1837; Diep NovemBEer 2Nnp, 1916. 


Joun Fercuson, Emeritus Professor of Chemistry in the University 
of Glasgow, whose death occurred on November 2nd after an official 
connexion with the University of nearly fifty years, was born at 
Alloa, in Clackmannanshire, on January 23rd, 1837. His family 
were originally from the east country, but removed at an early date 
to Glasgow, where his father settled as a merchant. 

Ferguson was a man particularly reticent as to his family and 
private affairs. He had few relations, and having left no record of 
his life, little can be gathered either of himself or his family prior 
to his entering the University in 1855. Apparently his father died 
when Ferguson was comparatively young; and when the writer of 
this nctice first became acquainted with the family it consisted 
of Ferguson, an only sister, and their mother, to whom both were 
much attached and for whom he always expressed in later life feel- 
ings of gratitude for her sympathy and assistance in his early 
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education. She was a somewhat remarkable woman—a regular 
spec'men of the old Scottish mother, possessing a strong face with 
character written in every line of it. 

Although John Ferguson matriculated at the University in 1855, 
this was not his first introduction to the institution which became 
his “ Alma Mater,” as in a paper, ‘“ Memories of the Old College,” 
read to the Old Glasgow Club some short time ago he says, “ There 
is hardly a time I can remember when I did not know the Old 
College, for even as a mere child I was taken often to the Hunterian 
Museum, and thus became familiar with its wonders, though their 
value could make no appeal.” It is pleasant to think that the last 
official position he held in the university, that of Curator of the 
Hunterian Library, brought him at the close of his official career 
in still closer relation with the building and its treasures which 
had captivated his youthful fancy. 

John Ferguson underwent his school education at the old High 
School of Glasgow, the original site of which is now almost entirely 
covered by the buildings of the Royal Technical College. At the 
date he joined this school there were few other large public schools 
in Scotland, and the high schools of Glasgow and Edinburgh occu- 
pied a prominent position in the education of the country, both 
possessing a peculiarly close relationship with the Universities in 
their respective towns. In the case of Glasgow this relationship 
was intensified by certain customs, one of which is dwelt on by 
Ferguson in the paper already referred to, where he mentions being 
chosen as one of the boys in his fourth school year to form part of 
a deputation to go and address the College professors in Latin, 
asking them to grant to their students holidays on Candlemas and 
on certain other days termed “Penults.” This compliment paid 
by the High School to the College was in due time returned, by a 
deputation of four red-gowned students coming to the masters to 
make a corresponding similar request for the boys in the School. 
It was a nice old custom cementing the relationship between the 
High School and the College, and as Ferguson says, “a pleasant 
interchange of compliments needlessly abolished by the Commission 
of 1858.” 

After entering the University in the session 1855-1856 Ferguson 
spent nine years as a matriculated student, five of these being in 
the Arts Faculty. His course at college was a brilliant one, and 
the distinctions he obtained showed the wide grasp of his mind and 
the varied nature of his abilities. As an instance of this, we find 
that, in addition to other prizes, he took the Cleland Gold Medal 
for the best “ Essay on the Winds,” the Ewing Gold Medal for the 
best “ Historical Account of the Papacy as a Temporal Power in 
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Europe,” and in science the Watt Prize, one of the highest science 
rizes, for the best “ Essay on Cohesion.” 

In 1861 he took his B.A. degree and in 1862 his M.A. with 

honours. = * 
Although a brilliant student in subjects connected with the 
Faculty of Arts, and one who it might have been expected would 
have proceeded to one or other of the English Universities, Ferguson 
remained at Glasgow, and in the late ‘fifties turned his attention 
more particularly to science, coming under the influence of William 
Thomson, afterwards Lord Kelvin. 

At that time William Thomson was engaged with his early work 
on electric telegraph cables, and Ferguson as one of his advanced 
students carried out in the Old College laboratory many of the 
early experiments necessary for this work. In the paper already 
referred to, Ferguson mentions early experiments made by him 
for Thomson “on weighing the force of electrical attraction 
between two brass plates,” experiments involving special arrange- 
ments and endless repetition to ensure accuracy. 

The results of these experiments were communicated to the Royal 
Society and subsequertly employed in the construction of certaiu 
dectrical balances, notably the Thomson electrometer. Much atten- 
tion was also being given at that time in Thomson’s laboratory to 
atmospheric electricity, in which work Ferguson was employed to 
take readings at the various observation stations. Portable as well 
as fixed electrometers were employed, and Ferguson describes in 
his paper on the Old College how he undertook to make an observa- 
tion at the top of Goat Feil, in Arran. To ascend that hill, rather 
more than 2800 feet in height, carrying a portable electrometer 
without disarranging it was no mean task, but Ferguson managed 
it, gaining the summit without mishap. The electrical effect, how- 
ever, was too powerful for the instrument, which if pressed would 
have broken down, so he had to return without any result except 
the fact, as he naively expresses it, “ that he proved that the air at 
that height was very strongly electrified.” 

At this period Ferguson was engaged in other besides experi- 
mental work for Professor Thomson, namely, in preparing for the 
use of the students an abstract of the Professor’s lectures on statics. 
This book was known as the “ Pamphlet,” and would have pro- 
ceeded in due course to a larger volume, but the plan was changed, 
and this other proposed pamphlet became merged in the treatise 
of Thomson and Tait on natural philosophy. Copies of Ferguson’s 
original “‘ Glasgow Pamphlet” have now become exceedingly rare. 

The breadth of study Ferguson pursued during his course in the 
Arts Faculty was still continued on his entrance into scientific work, 
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and he entered the Medical Faculty in 1863, so that he might 
study chemistry, a subject at that time only taught in that faculty. 
At the same time he attended other scientific subjects, among them 
natural history, in which he was a pupil of the distinguished Henry 
Darwin Rogers. 

After some time spent in the study of general scientific subjects 
Ferguson gradually devoted himself more especially to chemistry, 
working in the old analytical laboratory in Shuttle Street under 
Professor Thomas Anderson, the occupant of the Chemical Chair 
at that time. It is interesting to note that this laboratory, origin. 
ated by Anderson’s predecessor, Thomas Thomson, author of the 
‘“ History of Chemistry,” was the first one in Great Britain in which 
laboratory teaching in analytical and practical chemistry was 
systematically given to students. The reason of the situation of the 
laboratory being outside the college walls was the fear of fire, and 
although the classroom of chemistry used in earlier times by 
Cullen, Joseph Black, and ‘Hope had been within the College, when 
the idea arose of permitting students themselves to meddle practi- 
cally with such a dangerous subject the authorities decided that 
the whole department should be removed to a safe distance. 

After working some time in the chemical laboratory Ferguson 
became a private assistant to Dr. Anderson, his duty being to 
assist in the detailed work in connexion with the Professor's 
original researches. Anderson was at that time engaged on his 
work on “ Anthracene” and on the “ Products of Destructive Dis 
tillation,’ and many of the substances required for these investiga- 
tions were prepared by Ferguson. The large amount of residues 
left over from this work were taken to the New College, and later 
on provided William Ramsay with material for his work on the 
pyridine and picoline bases. 

At this time Ferguson had nothing to do with the teaching, the 
university assistant being Dr. E. J. Mills, afterwards Young Pro- 
fessor of Technical Chemistry in the Anderson College; but in 
1868 he was appointed as one of the University assistants with 
charge of the tutorial classes and the superintendence of students 
in the laboratory. In 1869, when Professor Anderson was attacked 
by illness and was granted leave of absence for the session, Ferguson 
undertook the general superintendence of the department and the 
delivery of the lectures, assisted by John M. Thomson as demon- 
strator. 

The removal of the College to the new buildings at Gilmorehill, in 
the west of Glasgow, was then about to take place, and in conse- 
quence of Dr. Anderson’s enforced absence much of the detailed 
work of the arrangements for the removal of the laboratory fell on 
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Ferguson and the laboratory staff. The necessity, however, of 
javing to go carefully and in detail into the plans of the new 
boratories awakened in him a new interest, and the experience 
then obtained enabled him at a later period to take charge of 
operations in the completion of the College buildings. 

After removal to the new buildings the work of the Chemical 
Department was carried on by Ferguson and J. M. Thomson with 
junior assistants until November, 1870, when Professor Anderson, 
javing partly recovered his health, returned to Glasgow and 
resumed the duties. His health, however, continued to fail, and 
Ferguson was ultimately appointed to undertake the duties of the 
(hair as his substitute. On the death of Professor Anderson in 
\874 Ferguson was appointed to the professorship, William Ramsay 
becoming his University assistant, an association which continued 
util Ramsay left Glasgow to become professor of chemistry in 
University College, Bristol. 

In his early days Ferguson was an excellent teacher, possessing 
ina marked degree those qualities which were worthy of the best 
traditions of professional teaching in Scotland. His lectures were 
clear and methodical, having a breadth of treatment especially seen 
when dealing with the great period of chemistry at the end of the 
eighteenth century and beginning of the nineteenth century. It 
was no elementary text-book course that he gave his students, but a 
really philosophical introduction to the study of their subject, 
invaluable as a guide for future work. He was an excellent experi- 
menter, possessing great deftness in the construction and manipula- 
tion of the apparatus necessary for the illustration of his lectures— 
a matter of no small moment in the late ’sixties, when so much had 
to be constructed in the laboratory and so little could be bought. 

Ferguson’s mind inclining as it undoubtedly did to the literary 
and philosophical side of his subject rather than the experi- 
mental, has given rise to some criticism in regard to the absence 
of the experimental in the record of his work. Such criticism is 
thoughtless, as investigation of this kind did not appeal to him for 
hisown work. He has played his part as the historian, and certainly 
from the record of the work of those coming more immediately 
under his influence it is clear that he encouraged experimental 
research in others. 

Whatever his attitude may have been, of the stimulating effect 
of his teaching there can be little doubt when we consider the 
number of teachers who have come from the Chemical Department 
of the Glasgow University during his time, and have occupied 
mportant chairs in chemistry in Great Britain and in the 
colonies. 
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Although fully occupied with the duties of his chair and myc) 
engaged with literary work, Ferguson from the time of his ap. 
pointment as Professor took his share in general College busines, 
more especially in matters connected with the Hunterian colle. 
tions and the library ; but he also gave his attention to finance, and 
superintended the final completion of the University buildings in 
regard to the Bute Hall and the adjoining spire. 

As has been said, from the tendency of his mind and the methods 
of his education, Ferguson was drawn from the earliest days to 
the historical rather than to the experimental side of chemical 
science. From natural inclination and from his independent posi- 
tion as a teacher in an academic institution, he determined to 
undertake this historical side; and when one realises the mass of 
information collected in his biographical and historical essays, 
information of the greatest importance to those having the real 
interest of chemical science at heart, one must be thankful that he 
determined to carry on such literary work and that he was in the 
independent position to do it. 

The fact that journals of learned societies in Great Britain deal- 
ing with physical and natural science apparently confine themselves 
to the publication only of experimental results gives no oppor- 
tunity for the publication of work such as Ferguson pursued, and 
therefore the result has remained as yet comparatively unappreci- 
ated by many modern chemists. The Proceedings of the Royal 
Philosophical Society of Glasgow, however, are open to such sub- 
jects, and a large number of his papers specially relating to chemical 
history appeared in that journal between 1871 and 1916, the year 
of his death. 

His first printed communications to that society were made to 
the chemical section in 1871, when he read two papers, one on 
“Some Recent Criticism of Lavoisier,’ and another on “Some 
Historical Notes on the Discoveries of Dr. Joseph Black.” In 1875 
he gave an introductory address as President of the Chemical 
Section of the Society, in which he puts forth his own views as to 
the importance and bearing of the work to which he had devoted 
so much of his time. He gives a complete justification of his 
choice in showing the necessity for the full knowledge of chemistry 
such a line of work requires, and the duty it was for someone 
independently placed and properly equipped to deal with the 
historical side, to the apparent neglect of the experimental, or 
called progressive, side. From 1876 to 1878 Ferguson was much 
occupied with the organisation of his department, and published 
only some short papers. In 1878, however, with more leisure at 
lis disposal, he gave a paper on “Eleven Centuries of Chemistry, 
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and began his long paper on “The First Edition of the Chemical 
Writings of Democritus and Synesius,” a paper which must have 
entailed a vast amount of research. While this last-named was 
proceeding, he published in 1886 two papers, one on “The First 
History of Chemistry,” and the other on “Some Early Treatises 
m Technological Chemistry.” The last was followed by five sup- 
plements, published at different times, and covering much research 
work over a period of thirty years. While occupied in compiling 
these larger treatises, he published smaller papers, of which the 
two “Dr. Kopp as an Historian of Chemistry” and “Johannes 
Matteus and his Tract de rerum inventoribus,” may be considered 
the most important. At the same time, from 1871 until 1916 he 
gave to the Society of Antiquaries in London and in Edinburgh, 
ad to the Archzological Society of Glasgow, many other 
papers on archzological and bibliographical subjects connected with 
alchemy. 

On looking at Ferguson’s various papers and treatises, it will be 
ven that many are published with supplements at different dates, 
and also from these dates that several must have been in hand and 
being written at the same time. This was due to the fact that 
much of his work was done at the British Museum and various 
wiversity libraries at home and abroad, and consequently visits 
to such libraries could only take place when he was free from pro- 
fessional duties, thus entailing the necessary writing of several 
papers at once where the sources of information were obtainable. 
It also shows his intense desire for completeness and accuracy in 
his writings, as well as the difficulties he encountered in obtaining 
complete and satisfying confirmation of the information he required. 

From his great knowledge of primitive and medieval science, it 
may be surprising that Ferguson did not write a history of chem- 
istry. He never, however, seems to have seriously contemplated 
this, and if he had was probably diverted from the idea by becom- 
ing occupied in the production of what may be considered his chief 
work, the ‘‘ Bibliotheca Chemica,” a catalogue of the library of 
the late Dr. James Young, of Kelly and Durris. 

The library to which this catalogue refers was collected by the 
owner, not for the mere joy of possessing rare and scarce works, 
but with the definite object of supplying material for the study 
and teaching of the history of technical chemistry, a subject in 
which he was much interested. 

The work was entrusted to Ferguson by Dr. Young, and well 
he carried out the task imposed upon him. 

The two quarto volumes of more than one thousand pages are 
to mere catalogue, but a very encyclopedia of the history and 
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bibliography of early chemistry, as well as a biographical dictionary 
of the ancient chemists and philosophers. For a period of nearly 
thirty years Ferguson was engaged in the laborious and painstaking 
collection of the materials necessary to carry out the great task he 
had set himself to do. 

He anticipated that the work would be of value to the biblio. 
grapher, the collector, and to the student, and to this end a com. 
plete collation of every work is given, in itself a most trying labour, 
Reference is made to other editions and translations not contained 
in the collection, and a concise and critical account of each author 
is given after every entry, in which an attempt is made to sum up 
the value of the author’s writings. After each of these biographies 
a full list is printed of authorities and bibliographies consulted, 
enabling the inquirer to go directly to the source of the informa- 
tion given. To those who are acquainted with the work, it is 
absolutely unique amongst bibliographies, and is an invaluable aid 
to the historian and to the student. 

Although in time the personality of the author may be forgotten, 
the “ Bibliotheca Chemica ” will ever remain as a perpetual monv- 
ment of many years of patient and scholarly research. 

In a letter to the writer of the present notice regarding 
Ferguson’s death, from a Fellow of the Chemical Society, 
himself the author of much original work, he gives an apprecia- 
tion from the investigator's point of view of the value 
of Ferguson’s literary work in chemistry. He says: “To me, the 
loss of a man with Ferguson’s gifts and erudition seems nothing 
short of irreparable—he was the last of what seems to be a lost 
type among chemists, unrepresented in the present generation. 
A man of the finest literary culture, not only saturated with the 
lore of the distant alchemical past, but full of sympathy with its 
mystical pleadings, he was able to give meaning to them in modern 
terms and to show that, after all, they were the expression of the 
human nature of their time. 

“He may have cared little for the infinite detail of our modern 
chemistry: his outlook being broad and philosophical and having 
sense of proportion, he could plot the curve of progress in its 
entirety and give scale to its essential elements. . . . He was 
at his best in his own dining-room within a zareba of books. He 
was always the kindest of hosts, and if you could lead him to 
draw on his memories of the past, an entrancing companion ; sed 
broad were his interests and sympathies. He was too fine a critic, 
too much possessed by the desire to be complete, ever to commit 
himself to any display of his learning—in an age in which so much 
ink is spilt, his conscientious literary reticence may appear to have 
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been out of place, but the motives behind it were sound, and it 
should be respected if only because of the contrast it affords.” 

Although Ferguson took his share in the general business of 
the University his great pleasure undoubtedly lay in the library, 
and the profound bibliographical knowledge he possessed was 
always at the disposal of his colleagues and of the University. 

His own library, containing some few years back more than six 
thousand volumes, was both extensive and remarkable, and had 
been most carefully selected. To-day it must have enormously 
increased. Paracelsus alone is represented by more than forty 
diferent works and editions, and the chemical literature of the 
Middle Ages is abundantly illustrated. In an account of this 
library, it has been observed “ rarities there were a commonplace.” 
He had an intense dislike to destroying any printed paper, bound 
or otherwise, and although possessed of an ample house, the 
increase of volumes during later years had quite overcome the 
shelf space and had overflowed over any flat surface that might 
be handy. 

With all this collection, there was still classified arrangement in 
the various piles, and the professor could generally tell where you 
might find with a little circumspect search, viewed by him with 
a certain anxiety, either an alchemical work, a college calendar, 
or a copy of the latest work in fiction. 

Next to his books, Ferguson’s chief pleasure was in music, of 
the science and history of which he had considerable knowledge. 
He was a good performer on the piano, and played also the ‘cello 
to his sister’s accompaniment. Many musicians were his friends, 
notably Joachim, who always visited him when professional engage- 
ments took him to Glasgow. Modern music did not appeal to 
him, and he disliked Wagner. Brahms, Beethoven, and the older 
masters were his favourites. 

Ferguson delighted in travel, and his competent knowledge of 
languages, especially French and German, combined with his 
striking personality, made him a familiar figure at University 
celebrations on the Continent. Indeed in later years, from his 
presence, his courtly manners, and exact knowledge of ceremonial 
etiquette, he became an almost regular representative of the Senate 
at academic functions in this country and abroad. 

Of the North-West Highlands of Scotland he was particularly 
fond, and being a good walker, had ascended many of the hills 
and passed through most of the glens in these districts in days 
long before they became known to the regular tourist. 

John Ferguson possessed a unique and delightful personality, 
retaining to the end a youthful and vivid outlook on life. 
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Associated with a true and understanding heart, there was a wide 
and tolerant mind, much wisdom in council, and an unfailing 
gift of humour—sometimes a little caustic, but never unkindly, 
To those who knew him intimately, he seemed to possess the faculty 
of sharing in another’s joy and a gentle power to comfort in times 
of sorrow; and although living the life of a bachelor, with few 
relations, no one could accuse him of leading a self-centred life. 
He was the best of companions; an admirable talker himself, he 
was ever ready to listen, and from his own widespread information 
always capable of bringing out the best from those around him. 
The striking figure for so many years familiar in the quadrangles 
of Glasgow College is now gone, but there will ever remain in the 
minds of his old students and friends the remembrance of the 
learned but very human professor, the cultured and genial com- 
panion, and the devoted friend. 
J. M. T. 


DAVID HOWARD.* 
Born Aprit 3rpd, 1839; DreEp NovemsBer 14ru, 1916. 


Davip Howarp, whose death occurred somewhat suddenly on 
November 14th, 1916, was born at Tottenham on April 3rd, 1839. 
We was descended from Quaker ancestry, and was the son of 
Robert Howard and the grandson of Luke Howard, F.R.S., well 
known in his time as a scientist and philanthropist. David 
Howard’s mother was one of the Lloyds of Birmingham, a grand- 
daughter of the founder of Lloyds Bank. 

The history of the origin of the famous business of Howard 
and Sons, of which at his death David Howard was the chairman, 
is of some interest. 

About the year 1795 William Allen, F.R.S., who afterwards 
became President of the Pharmaceutical Society, succeeded to the 
pharmaceutical business of Joseph Gurney Bevan, of Plough Court, 
London, and went into partnership with one Samuel Mildred, with 
whom he continued the business in Plough Court, and at the same 
time established a chemical laboratory at Plaistow. In time it 
was found necessary to make other arrangements, so 4 fresh 
partnership was entered into between William Allen and Luke 
Howard, under the name of “Allen and Howard,” this assocla- 
tion being the starting point and ultimately passing into the 
business of Howard and Sons. 


* Reprinted, by permission, from The Analyst. 
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Luke Howard and William Allen were both distinguished men, 
ssing similar ideas and tastes, and taking interest in many 
matters outside their immediate business. Luke Howard was one 
of the founders of the science of meteorology, and wrote several 
papers on that and collateral scientific subjects. One of his most 
important papers was on “The Climate of London,” into which 
he introduced his nomenclature and classification of clouds, a 
dassification accepted and in use at the present day. His partner, 
William Allen, was not only an able scientific man, but also one 
much interested in philanthropy. He was a friend of Clarkson, 
Wilberforce, and James Mill, and one of the strong opposers of 
davery. It is not difficult therefore for those who knew David 
Howard to trace in his own life and actions the influence produced 
by those early family friendships. 

David Howard was educated in the first place in Southampton, 
at a school kept by a Mr. Crabbe, where he remained from 1852 
to 1854. Afterwards he was sent to the Friends’ School, Grove 
House, Tottenham, to be nearer where his parents lived, and at 
which he remained until about 1857. 

Being now eighteen, he entered the firm as an apprentice, but 
about the same time proceeded to the College of Chemistry, then 
under the direction of the famous Professor Hofmann, where he 
studied the principles of general chemistry in preparation for his 
taking a position and share in the work connected with the firm 
at Stratford. Howard’s time at the College of Chemistry must 
have been an agreeable and interesting one. Hofmann at that 
time was exercising great influence on chemical teaching and 
investigation in this country, and was attracting a large number 
of students to the College, many of whom have themselves become 
in later times distinguished teachers and investigators. Several 
of those remained Howard’s friends through later life, and he 
always spoke of his time at the College of Chemistry with pleasant 
memories and affectionate allusion to the friends he had made 
during his student days at the College. 

As well as receiving instruction in general chemistry under 
Hofmann, Howard gained a practical knowledge of the business 
at the works, under the guidance of his father Robert, and his 
uncle John Elliot Howard. When first he entered the business, 
Howard was associated more closely with his uncle, John, whom 
he assisted in the supervision of the laboratories specially devoted 
to the preparation and analysis of the cinchona alkaloids, thus 
becoming attached at an early period to this branch of the busi- 
hess, one in which he always took a special interest. This is 
indicated by the nature of the researches he carried out, originally 
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with his uncle and afterwards by himself, on the active principles 
of the cinchona barks. 

David Howard became a partner in Howard and Sons in 1860, 
and was made chairman of the Board of Directors in 1903, when 
the business was converted into a company. 

A description of David Howard’s chemical work, with jt: 
influence on commercial enterprise during a long and active life, 
is rendered possible by the methodical habit he had of keeping 
accurate note-books from the early time of his entering the works 
in 1864, in which he recorded his researches on points relating to ' 
chemical industry. 

It was his habit when on his holidays to take with him these 
rough laboratory records, and at his leisure, in some quiet holiday 
resort, condense them into little separate treatises on the various 
points he had been studying during the past year. Away from 
business cares and distractions, he could devote the scientific side 
of his mind in moulding his ideas and inspirations into the 
certainty of ascertained facts, and form them into scientifically 
sound and commercially successful processes. Up to his last year 
he retained this power of accurate and careful recording of experi- 
mental work, and the note-book current at the time of his death 
is as neat, concise, and lucid as the first in 1864. 

Although the greatest part of his time in the laboratory was 
devoted to the systematic study of the cinchona alkaloids, he still 
undertook investigations on the production of many other pure 
chemicals, of which the purification of bismuth and its salts, the 
fractionation of ether, the extraction of benzoic acid from gum 
benzoin, the purification of cinnamic acid (the subject of his first 
paper to the Chemical Society in 1861), iodides and iodoform, the 
production of valeric acid, the extraction and separation of the 
morphia group of alkaloids from opium and the caffeine group 
from tea, may be taken as illustrating the wide range of his 
laboratory activity resulting in successful works processes. 

On the cinchona alkaloids he was engaged for more than forty 
years, evolving satisfactory analytical separations of the four 
principal alkaloids, and from his laboratory experiments perfecting 
the processes for the works. 

He was a frequent visitor to Holland, often in communication 
with Léger, De Vrij, and Hesse, and for many years in close touch 
with the pioneers of the cinchona cultivation in Ceylon and India, 
for whom he did a large amount of analytical work, and to whom 
he was a constant adviser on the alkaloidal contents of their pro 
ducts. His life work on the cinchona group is epitomised in his 
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st paper on “‘Cinchona Barks and their Cultivation,” read before 
the Society of Chemical Industry in February, 1906. 

Many as are the industrial concerns which have arisen and 
prospered in Great Britain during the last fifty years, there are 
few that can show such a continuous and solid growth as this 
business of which David Howard for so many years has been the 
presiding influence. His business, quite apart from the mere 
profit which it might bring, was a part of his life, and into the 
conduct of which Howard brought also that spirit of rectitude 
and of fair dealing which always characterised him. 

Howard was elected a Fellow of the Chemical Society in 1869, 
and served on the Council for three separate periods, becoming a 
Vice-President in 1902. His mind being largely occupied with 
attention to matters connected with the business, Howard had 
little time for the writing and reading of papers. He contributed, 
however, from time to time the results of investigations carried 
out by himself or in conjunction with others to the Journal of the 
Chemical Society and other scientific journals. 

From an early time David Howard took an intimate and active 
interest in the status of the professional chemist, and in the educa- 
tion of younger men about to enter that profession or to embark 
in commercial work. He was ever anxious in support of a high 
standard of probity in regard to business dealings, and a desire 
that those proceeding to either mercantile or scientific occupations 
should have a thorough general training before entering on their 
advanced professional work. Such ideals gained for him esteem 
and regard not only among the chemical profession, in which he 
held a high position, but also in commercial circles, as may be 
seen from his connexion with the London Chamber of Commerce, 
in which he occupied the post of chairman of the Chemical Section 
for several years. ; 

In the Institute of Chemistry, of which he was an original 
member, Honorary Treasurer for close on twenty years, and after- 
wards its President, David Howard took a special interest. This 
interest was a wide one, and was directed both to the educational 
as well as to the purely professional requirements of the Institute. 
He strongly supported the view that the object of the Institute 
should be to insure that its members received a thorough and 
systematic training on a liberal basis before proceeding to their 
final and special qualifications. 

Arising probably from his own early training, he held decided 
views on the retention of a certain amount of Latin as a com- 
pulsory subject in the preliminary examination, a predilection 
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which sometimes brought him into argumentative differences with 
some of his colleages on the Council. 

During his presidentship of the Institute, Howard, from his 
intimate association with commercial and manufacturing chem- 
istry, took great interest and gave much assistance in the move. 
ment for the foundation of an advanced qualification which might 
be obtained by members who already possessed the Fellowship, 
and who were actually engaged in technical work. This scheme 
was established with the view of indicating the lines on which 
chemists in industrial work should prepare themselves, so as more 
readily to apply their knowledge to industrial problems. 

In matters outside the educational objects of the. Institute, the 
experience gained by Howard as a magistrate and chairman of 
various other bodies was of great advantage. The knowledge he 
obtained from sitting on the Bench enabled him to form judg. 
ments on points connected with legal questions which have to be 
considered from time to time by such bodies as the Institute of 
Chemistry. This experience made him also valuable as a member 
to act on deputations of the Council, when required to _ inter- 
view Government or other Departments on matters of public 
interest. 

David Howard was an original member of the Society of 
Chemical Industry, and from the date of his election had taken 
an active part in the proceedings of that Society, being at various 
periods on its Council and Committees, Chairman of the London 
Section, and finally President of the Society for the session 
1886—1887. 

In 1907 he was elected an honorary member of the Society of 
Public Analysts and other Analytical Chemists. 

As a manufacturer of pharmaceutical preparations, Howard 
took an interest in pharmacy and the Pharmaceutical Society. 
This was not only a personal one, but was to some extent 
hereditary, as both his father Robert and his uncle John were 
intimately associated with that Society. A considerable number 
of his original communications appear in the Pharmaceutical 
Journal, and he himself never lost an opportunity, when discuss 
ing the relations of chemistry and pharmacy, to point out that the 
founders of modern chemistry were pharmacists. 

Apart from his purely business life and his association with 
societies and institutions more particularly connected with his 
profession, Howard’s keen intellect ranged over wide regions of 
thought. He was interested in natural history and antiquarian 
lore, and possessed an intimate historical knowledge of the county 
of Essex, more especially of the districts round Epping Forest, 
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where the most of his life had been spent and for which he had 
an intense affection. 

In the eastern district of outer London, David Howard held 
many public appointments and gave largely of his spare time in 
the assistance and advancement of local public questions. He was 
Deputy-Lieutenant for the county of Essex and Justice of the 
Peace for West Ham, seldom failing in a regular attendance on 
the Bench. He held also at various times the positions of 
Guardian of the poor and member of the Buckhurst Hill District 
Council, and his keen interest in educational matters made him a 
valuable member of the Walthamstow School Board, of which he 
was chairman. 

David Howard was a man of strong religious feelings, which 
entered intimately into all the actions of his life. He gave 
generously, both of time and money, to the church and to many 
objects of charity in the district of Walthamstow. The memory 
of his kindly and unostentatious actions for the good of others 
will ever remain in the hearts of the people among whom he lived. 

To have known David Howard was to have known a man of no 
ordinary character. He was a man of strong personality, accom- 
panied by great gentleness and simplicity of manner, and with a 
keen appreciation of humour. He had a strong sense of duty to 
his country and fellow-men, and took his place as a true citizen, 
both in local and national affairs. He was keen in business, 
distinctly a man of affairs, but at the same time full of intellectual 
interests. He was wise in council and a man of sound judgment. 
He had very strong opinions, which to those who did not know 
him intimately might savour of obstinacy. This, however, was 
not the case, for he gave every matter the most careful considera- 
tion before arriving at a conclusion, and having done so, felt 
strong enough to abide by it. Although a keen opponent in dis- 
cussion, when finally convinced that the right might be on the 
other side he gave way with frankness and generosity. 

A man of noble qualities, his death removes, not only from the 
domain of applied chemistry, but also from commercial and public 
life, one who can ill be spared. 

Joun M. TuHomson. 
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LEONARD DE KONINGH. 
Born Avucust 20TH, 1849; Diep December I|sr, 1916. 


LEONARD DE KoninGH was born at Dordrecht in 1849. He studied 
chemistry at Amsterdam, and was for a time in a chemical factory 
in that town. In 1872 he came to this country, and obtained the 
post of junior assistant to Dr. John Muter, and with him he 
remained for about twenty-six years. Dr. Muter combined tuition 
in pharmacy (he founded and carried on the South London School 
of Pharmacy) with a very extensive analytical and consulting 
practice, for in addition to a considerable private connexion he 
held at one time or another the position of public analyst for 
seven boroughs and counties. In the work of this busy establish- 
ment at Kennington, de Koningh took an increasingly active share, 
finally entering into partnership with Dr. Muter. This arrange 
ment terminated in 1899, and de Koningh then started in consult- 
ing practice on his own account at Stockwell. In 1913 he removed 
to Shepherd’s Bush, and there, on December Ist, 1916, after a few 
days’ illness, he passed peacefully away in his sixty-seventh year. 

Mr. de Koningh took a very keen interest in analytical problems, 
and in the Nederlandsch Tijdschrift voor Pharmacie, Chemie en 
Toxicologie, and other journals, many communications by him will 
be found, mainly in reference to the analysis of food and drugs. 
He never published in our Transactions, but abstracts of some 
twenty papers by him occur in the Journal. From 1891 to within 
a month or two of his death, he took an active part in the pre- 
paration of abstracts on analytical subjects for the Journal, and 
as showing the painstaking and conscientious nature of his work, 
it may be mentioned that not infrequently before abstracting a 
paper he would make a practical test of the process described in it. 
He was elected a Fellow of the Chemical Society in 1885, and two 
years later became a Fellow of the Institute of Chemistry. 

A. J. G. 


ERNEST ALFRED LEWIS. 
Born Ocroser 10TH, 1878; Diep June 16rn, 1916. 


Ernest ALFRED Lewis was born at Derby, but when still a child his 
parents removed to Birmingham. There he was educated at the 
Five Ways branch of King Edward’s School, and, on leaving, 
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attended classes at the Municipal Technical School, and also spent 
gveral years at Mason College. At the conclusion of his college 
course he was appointed chemist and metallurgist to Messrs. 
Muntz’s Metal Co., Ltd., Birmingham, a position he held for some 
years. Subsequently he entered the laboratory of the Midland 


died Railway Company at Derby, but returned to Birmingham to take 
ctory up private practice as a metallurgical chemist, specialising in copper 
| the and its various alloys. Lewis contributed numerous articles to 
1 he technical journals, and also took an active interest in the work of 


the Birmingham and Midland Section of the Society of Chemical 


ition 

hoo! Industry, writing several papers dealing with the metallurgy of 

ting copper and brass. 

| he In his special field, Mr. Lewis was recognised as a conscientious 

for and competent analyst. The war greatly increased his practice ; 

ish- but the strain of the long hours that he gave to his work as a con- 

are, sequence was largely responsible for his death, at the early age of 

ige- thirty-seven. 
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: RAPHAEL MELDOLA. 

ns, 

en Born Juty 19run, 1849; Diep Novemper 16rTu, 1915. 

4 RapHaEL MELpota, son of the late Samuel Meldola, and grandson 

a of Raphael Meldola, Chief Rabbi, was born in London, July 19th, 

. 1849. The Meldolas came of an ancient Sephardic family, the 

. genealogy of which can be traced through sixteen generations 
without a break back to Isaiah Meldola (born 1282, died 1340), of 


Toledo. The name Meldola seems to have been assumed by some 
of the family who first established themselves in Italy at a place 
of that name not far from Ravenna. The Sephardim consist of 
the Spanish and Portuguese Jews, and form the more aristocratic 
section of the race. Many of them were learned men; some prac- 
tied medicine, and several wrote on mathematics, astronomy, and 
philology. The earlier members of the family for many genera- 
tions were the Chief Rabbis of their communities. 

Raphael received his early education in private schools, and 
entered the Royal College of Chemistry in 1866. He spent a short 
time as assistant in the laboratory of the late Dr. John Stenhouse, 
F.R.S., and he then entered the colour works of Messrs. Williams, 
Thomas, and Dower, of Brentford, where he remained about two 
years. In 1873 he rejoined the College, then transferred to South 
Kensington, and served for a time on the teaching staff under 
Prof. (afterwards Sir Edward) Frankland. At this time he was 


Sutcamieetemeeet ce 


350 OBITUARY NOTICES. 


attracted by the study of spectrum analysis, and worked under the 
direction of Sir Norman Lockyer. In 1875 he was placed in charge 
of that portion of the Government Eclipse Expedition which went 
to the Nicobar Islands, but unfortunately bad weather interfered 
with the observations. On his return to England he was engaged 
as scientific chemist at the Atlas Colour Works at Hackney Wick 
(Messrs. Brooke, Simpson, and Spiller), and there he remained 
eight years. At this time he made a number of important dis 
coveries in connexion with coal-tar colours, which, however, 
received more attention in Germany than in this country. Thus, 
in 1879, he discovered the first oxazine dyestuff, still generally 
known as Meldola’s blue. This was never manufactured in 
England, but was produced in large quantities in Germany under 
various names. Meldola also carried out a considerable amount of 
research on the triphenylmethane colours, much of which, how- 
ever, was never published. He was also the discoverer of the first 
acid green (from benzaldehyde and diphenylamine) and of the 
B-naphthylated rosanilinesulphonic acid, first brought out in 1883 
as alkali blue XG, which has recently become of considerable 
importance for cotton dyeing under the names of ¢hlorazol, brilliant 
blue, isamine blue, brilliant sky-blue, etc. 

The investigations which he published, dealing especially with 
derivatives of naphthalene and with azo-compounds, appeared in 
the Transactions of the Chemical Society. This work, for the most 
part overlooked in England, has borne extensive fruit in Germany. 
Disappointed by the small amount of encouragement received from 
his employers, he accepted, in 1885, the post of Professor of Chem- 
istry at the Finsbury Technical College, and thus relinquished 
direct association with the industrial application of chemistry. 
He did not, however, cease to take an interest in the manufacture 
of dyestuffs and in the applications of chemistry to industrial pur- 
poses in general. He never lost an opportunity of pointing out 
the disastrous consequences which would ensue, and which, as 4 
matter of fact, have ensued in respect to the coal-tar dyes, from 
the neglect of science in this country. A paper communicated to 
the Society of Arts, so long ago as 1886, sounded his first note of 
warning. The contention that the decline of the colour industry 
in England and its gradual transference to Germany were due to 
defects in our Patent law, or to the want of sufficient facilities 
for the use of duty-free alcohol by manufacturers, he showed to be 
almost entirely without foundation. And he proved in many 
papers, lectures, and addresses that the real cause of the loss to 
this country was the inability on the part of manufacturers. to 
perceive the necessity of associating uninterrupted research with 
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manufacturing operations, not only with the view to improvements 
in processes actually worked, but for the purpose of continually 
adding new products to those at the time available. 

His reputation as one of the recognised authorities on the chem- 
istry and manufacture of dyes explains his appointment in J uly, 
1915, to the Chairmanship of the Advisory Council of British Dyes, 
Limited. He had, however, in a vigorous and characteristic letter to 
the Times of January 20th, 1915, protested against the constitution 
of a directorate in which scientific chemistry was unrepresented. 
His views on this subject can best be expressed by a few words 
from his last address to the Institute of Chemistry on March Ist, 
1915. “I repeat,” he said, “it is not a business question, but a 
chemical question, and it is by chemical research alone that our 
colour industry can be saved in the long run. Consider the leeway 
that we have to make up. The German colour industry has been 
built up by the utilisation of the results of research carried on in 
the factories and universities and technical schools for a period 
of over forty years. To suppose that we can retrieve our position 
after forty years of neglect by starting a company, the directorate 
of which is to consist solely of business people, is simply ludicrous.”’ 
Again later: “The group of industries which have arisen from 
the products of the tar still are not going to remain stagnant after 
the war, and it is scientific guidance and not mere assistance that 
will keep them alive. It is the expert, and the expert only, who 
can foresee the course of development; who can keep in touch with 
the progress of research, and who can direct with intelligence the 
campaign against our competitors. If such scientific direction is 
withheld, all schemes are sooner or later bound to end in failure. 
I deliver my second warning to a new generation after an interval 
of about thirty years; if it is again unheeded, so much the worse 
for the country.” 

As professor at the Finsbury College, where he held office from 
1885 until his death on November 16th, 1915, Meldola was in- 
defatigable as a teacher and in promoting the welfare and advance- 
ment of his students after leaving college. Of his success in this 
direction there is evidence in the fact that several of his past 
pupils became Fellows of the Royal Society and occupy university 
chairs. It is interesting in this connexion to notice that the place 
left vacant at Finsbury is occupied by a former student of his 
own, Prof. Gilbert T. Morgan, F.R.S. 

Meldola’s scientific chemical work related chiefly to synthetic 
colouring matters, and, as already mentioned, is recorded chiefly 
in the Journal of the Chemical Society; but he was also an 
authority on photographic chemistry, and published a book on 
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the subject in 1891. In 1904 he published, under the title “The 
Chemical Synthesis of Vital Products,” the result of several years 
of laborious compilation. He was, however, not a chemist only, 
for his earliest studies led him in quite a different direction, and 
it would seem that his own inclinations wavered between chemistry, 
which became his professional occupation, and natural history, 
which filled his scanty leisure. The first six papers under his 
name in the Royal Scciety Catalogue relate to biological subjects, 
among which is prominent the protective mimicry found among 
insects. This subject he pursued with success, and after taking a 
leading part in starting the Essex Field Club in 1880 he became 
President of the Entomological. Society in 1895. 

In 1882, encouraged by Mr. Darwin, he translated Weismann’s 
“ Studies in the Theory of Descent.” 

During the latter part of his life, Meldola gave much time to 
the work of the several societies connected with chemistry. In 
turn he became President of the Chemical Society (1905—1907), 
the Society of Dyers and Colourists (1907—1908), the Society of 
Chemical Industry (1908), and the Institute of Chemistry 
(1912—1915). With regard to the last-named institution, Meldola, 
though one of the original Fellows, was not at first enthusiastic 
about the Institute and its work, but in course of time he became 
convinced that it had a public mission to fulfil of the same order 
of importance as that discharged by other bodies of professional 
men. As President, at the end of his first year of office he used 
the opportunity to acknowledge this alteration of his views. He 
was also instrumental in arranging a conference of professors of 
chemistry and other teachers with the object of bringing the train- 
ing and examinations prescribed by the Institute for its associates 
into more harmonious relation to the work of the universities, and 
there can be no doubt that this closer connexion will hereafter 
operate beneficially on all the institutions in which young chemists 
are educated with a view to the practical application and utilisa- 
tion of their knowledge. 

Meldola received many scientific honours. He was elected into 
the Royal Society in 1886. He served twice on the Council of 
that Society (1896—1898 and 1914—1915), and in 1914 was 
appointed a Vice-President. He had been nominated again for 4 
seat on the Council for the year 1915—1916, shortly before his 
death. In 1910 he was awarded the honorary degree of D.Sc. by 
the University of Oxford on the occasion of his Herbert Spencer 
Lecture; he also received the LL.D. of St. Andrews in 1911. The 
Royal Society awarded him the Davy Medal in 1913. 

In 1886 he married Ella Frederica, daughter of the late Dr. 
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\aurice Davis, J.P., who survives him. His end was quite sudden, 
and may be ascribed, with great probability, to the effect of over- 
york following on an illness which in the previous spring had 
involved a troublesome surgical operation. But Meldola was not 
one to spare himself when he heard the call of duty, and since the 
outbreak of war his work on various committees had been incessant. 

It would not be easy to do justice to Meldola’s personal character, 
on account partly of his natural modesty, partly on account of his 
nany-sidedness. He was a good chairman, always clear, judicious, 
tactful, and good-humoured. His friendships once formed 
rmained unbroken through long years to the end, and this is 


perhaps the best testimony to the quality of his heart. 
W. A. T. 


Raphael Meldola was unique in the breadth and depth of his 
«ientific knowledge. Amid all the ever-increasing specialisation of 
our age, “he kept alive and fresh every one of the diverse interests 
that had appealed throughout his life to his many-sided intellect ; 
by sure scientific insight he spoke with authority on them all” 
(Yature, 1915—1916, 94, 347). The scientific reviews written by 
him deal with works in various different departments of the 
following subjects: chemistry, organic, inorganic, and industrial ; 
astronomy; photography; natural history; anthropology; evolu- 
tim; government in its relations with science; and the same 
breadth is illustrated by the scientific committees of the British 
Association, on which he served for many years. 

The recognition of Meldola’s far-reaching powers implied in the 
above statements was, of course, based on his original contribu- 
tis to learning. The researches of a single year will afford 
suficient evidence of the extraordinary range of his intellect. In 
1882 he published “Contributions to the Chemical History of the 
Aromatic Derivatives of Methane” (T., 41, 187), “Mimicry 
between Butterflies of Protected Genera” (Ann. Mag. Nat. Hist., 
Dec, p. 417), and with General Pitt Rivers and W. Cole he issued 
“Preliminary Report of the Committee appointed to investigate 
the Ancient Earthwork in Epping Forest, known as the Loughton 
Camp” (Rep. Brit. Assoc., p. 274). 

Ihave never met anyone—only intimate friends can have known 
it fully—who was more alive to the human associations in which, 
happily for us, the science of our day is so abundantly rich. In 
other ages other intellectual activities held sway: in our own age 
«ience, being the spirit of it, is richest in human associations. 
Those who have stood in the way in the early years, when an 
awakening interest may be helped or thwarted, can never have 
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realised their responsibility. But how great it is!—the responsi 
bility of encouraging or of hindering a young man on his way 
to join the great and varied army that is pushing on into the 
unknown, and is doing the real inspiring work of the world 
Think of all that he may lose, not only of work, but of comrade. 
ship, of how, in being forced, against. his inclination, to study the 
“humanities,” he may miss his best chance of knowing man 
himself. 

Meldola’s former pupils, whose first original work was done with 
him, and who have now risen to eminence, have told (see “ Raphael 
Meldola,”’ Williams and Norgate, London, 1916) of all that he 
was to them. In the intimacy of our long friendship I was per- 
mitted to see the other side and to know what they were to him 
—how he valued his association with them and all who helped 
him in his work, how anxious that justice should be done them 
when they had left him to make their own way in the world. 

Meldola kept the same love for the human associations of natural 
history throughout his life. With him, collecting was always a 
social pursuit, and each prize had its own special memories. He 
would speak with delight of a very rare moth (Nonagria sparganii, 
captured in a back garden. Entomologist’s Monthly Magazine, 
1884—1885, 21, 135; Entomologist, 1884, 17, 253) captured by his 
mother at Deal, of a unique variety * of a common moth found by 
his wife. 

The happiness of Meldola’s married life was heightened by 
common interests. His wife was not only the companion who 
collected with him in summer vacations; but the friend who 
entered into every side of his life, who sympathised with him in all 
his work, and delighted to know that her sympathy was an 
encouragement and that she could give him practical help as well. 
For all the typewriting of his work was done by her. 

Meldola’s strong bent towards natural history appears in his 
earliest publications, of which the first, a note on “ Fascination 
Exercised by a Frog,” appeared in 1869 (Entomologist, 1868—1869, 
4, 232), soon followed by an observation (idid., p. 303) on the 
British moths, which were to provide him with one great interest 
and his chief recreation throughout life. Many other articles and 
notes followed, and in three or four years it had become clear 
that his chief biological interest lay in the study of evolution m 
relation to insects. The limits of space prevent me from referring 
to many of his publications on this subject, but there are some 
which cannot be omitted in any adequate account of the man and 
his work. 


* August 12, 1912: on a mossy wall at Dunbar. 
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In a paper published by the Zoological Society in 1873, “On a 
Certain Class of Cases of Variable Protective Colouring in Insects” 
(Proc. Zool. Soc., p. 153), he argued for “a power of adaptability 
m the part of each individual ””—a power which he contended was 
woferred by natural selection. This paper was the foundation 
om which sprang a large amount of work, which he followed 
rith keen interest and sympathy. “ Entomological Notes Bearing 
m Evolution ” (Ann. Mag. Nat. Hist., 1878, [v], 1, 155) appeared 
in 1878, founded on Fritz Miiller’s letters from Brazil. He here 
jvelt on the bionomic importance of habits, and their evolution 
through natural selection—a subject which always retained his 
interest. His first Presidential Address to the Entomological 
Seiety in 1896 (Proc, Ent. Soc. Lond., 1895, p. 43)—“ The Specu- 
tive Method of Entomology ”’—was a defence of the “ scientific 
we of the imagination ” in this science. 


Meldola also took an active part in discussion, in the columns of 
Nature, on subjects connected with organic evolution. In 1888 
he wrote on “‘ Lamarckism versus Darwinism ” (38, 388); in 1891 
m “Co-adaptation” (48, 557; 44, 7); in 1896 on “The Utility 
of Specific Characters” (54, 594; 55, 29)—a subject to which he 
devoted his second Presidential Address to the Entomological 
Seiety, “The Utility of Specific Characters and Physiological 


Correlation” (ibid., 1896, p. 32). 

One of the dominant influences on Meldola’s life was his eleven 
years’ friendship with Charles Darwin, for whom he always felt 
the strongest affection and veneration. I remember his pleasure 
in recalling a remark made to him by Darwin concerning Nature, 
the Great _Incorruptible—“ She will tell you a direct lie if she 
can!” And he told with hearty laughter of Darwin’s gardener, 
who was so disappointed when the experiments behaved properly, 
contrasting his delight at a failure with his grudging admission 
of success. 

Meldola was secretary of the Entomological Society of London 
from 1876 to 1880, and Darwin was accustomed to refer to him 
the observations on insects made by Fritz Miiller in Brazil. A 
warm friendship sprang up in this way between Meldola and the 
great German naturalist, many of whose observations were pub- 
lished in this country. Meldola always thought that Fritz Miiller 
ought to have been an early recipient of the Darwin Medal of the 
Royal Society, and it is probable that many naturalists felt the 
same when it was too late. Among Meldola’s greatest friends 
were Wallace, Bates, and Trimen, his seniors, as was Fritz 
a in the important department of evolution that he made 
ls own. 
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Darwin's correspondence with Meldola* is chiefly concernej 
with mimicry and allied subjects, and with the English translatio, 
of Weismann’s “ Studies in the Theory of Descent,” published jn 
1882. Darwin had been greatly impressed by the German original, 
and in 1877 wrote about it to Meldola, offering to lend him th 
book. Later on he expressed the opinion that it would be “, 
public benefit to bring out a translation,’ and in 1878 agreed to 
write a preface—although “this is a kind of job which I do no 
feel that I can do at all well, and therefore do not like; but ] 
will do my best.” Darwin’s last letter, written February 2nd 
1882, only a few weeks before his death on April 19th, expressed 
the generous wish to be allowed to subscribe towards the cost oj 
the work if any loss should be incurred by Meldola himself. No 
one who studies this volume can fail to recognise the great addi. 
tional value it has gained from Meldola’s editorial notes. 

It was due to Meldola that the English statement of Miillerian 
mimicry appeared only a few months after the German.} But he 
did far more than bring out the translation ; he defended the hypo- 
thesis in controversy and brought new and important classes of 
facts to support it. Meldola was the first to point out that 
Miiller’s hypothesis was supported by the strong resemblances that 
ran through the great groups of distasteful butterflies which supply 
the vast majority of the models. 

“The prevalence of one type of marking and colouring through- 
out immense numbers of species in protected groups, such as the 
tawny species of Danais, the barred Heliconias, the blue-black 
Eupleeas, and the fulvous Acreas, is perfectly intelligible in the 
light of the new hypothesis” (Ann. Mag. Nat. Hist., 1882, [v\, 
10, 417—425). 

Meldola’s suggestion, given in his own words in the above para 
graph, opened up a new and fruitful field in which much research 
is still being carried on. Perhaps the most interesting develop- 
ment is the recognition of mimetic resemblances between distantly 
related groups of stinging insects—wasps, bees, and their allies— 
a study only just beginning, in which great advance is sure to be 
made. 


* Published in “Charles Darwin and the Theory of Natural Selection,” 
chap. xxv, pp. 193-218 (1896), Poulton, London. 

+ Proc. Ent. Soc. Lond., 1879, p. 20, translated from Kosmos, May, 1879, 
p- 100. Fritz Miiller, however, had published in the previous year # 
brief account of his hypothesis in Zool. Anzeiger (Carus), 1878, 1, 54, 55. It 
is probable that he had not sent a copy of this preliminary statement to 
Darwin, for Meldola told me that he had never heard of it. It 18 now 
published, translated by E. A. Elliott, in Proc. Ent. Soc. Lond., 1915, 
pp. 22, 23. 
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The biological work, of which a brief account has been given 
sbove, formed the ground on which Meldola was proposed by 
Charles Darwin for the Fellowship of the Royal Society. He was 
jected in 1886, after too long an interval, as many thought at 
ihe time and all will acknowledge now. His claims would probably 
lave been recognised earlier if they had been strong in only a 
ingle scientific subject instead of being strong in many. 

The successful foundation and development of the Essex Field 
(lub, in which Meldojia took an important part, led him to think 
ind write on many subjects which fell within the sphere of opera- 
tin of this and similar societies. Thus—to mention but a single 
aample—in 1883 he initated a valuable movement by a letter to 
Jature on “Local Science Societies and the Minor Prehistoric 
Remains of Britain” (29, 19), in which he argued that such 
weieties should keep vigilant watch and prepare maps and other 
records. 

Meldola’s work for the Essex Field Club and kindred societies is 
put one striking example of a fine public spirit that was manifest 
throughout his whole career, from 1867, when, soon after leaving 
vhool, he delivered free lectures to Jewish working men, thus start- 
ing @ movement which developed into the first Jewish working 
uen’s club. It is greatly to be hoped that his addresses, articles, 
and letters cn science and industry, and on scientific and technical 
(including agricultural) education, may be published in a collected 
form without delay. They would be of the utmost value in prepar- 
ing for the period of reconstruction that is before us. We have 
lst him when he was needed most, but his teachings remain, and 
itis for us to make use of them. 

The outbreak of war found this country in an extraordinary and 
dificult position. In August, 1914, the nation suddenly awoke to 
realise the dangers into which it had been allowed, nay, encouraged, 
to drift—with important industries, formerly flourishing, repre- 
ented chiefly or entirely by crowds of clerks ordering goods from 
‘foreign land. And that foreign land had, in an instant, become 
the bitterest, most unscrupulous, and ruthless foe ever encountered 
in our long national history. In this crisis Meldola’s remarkable 
knowledge and wide experience of the sciences that form the founda- 
lion of the industrial arts was of inestimable value. He saw the 
need, and, suffering as he was from the strain of overwork and far 
from strong, threw himself, heart and soul, into his country’s cause. 
Asearly as August 29th, 1914, while on his holiday in Scotland, he 
Wrote to a colleague: “I think of preparing a general plan of cam- 
paign for recovering British chemical industries lost through 
German competition.” 
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Soon after his return, on September 22nd, 1914, Meldola pre. 
sided at a joint meeting of the Councils of the Institute of Chen. 
istry and the Society of Public Analysts to consider the supply of 
laboratory requirements. A_ special committee on laboratory 
reagents, and another on glass,* porcelain, and filter-paper, were the 
result. The last meeting he attended at the Institute was in cop. 
nexion with the Glass Research Committee, and he called with 
reference to its work only three days before he died. 

In addition to all this work at the Institute, Meldola wag one 
of the first to suggest to the Board of Trade the appointment of the 
Chemical Products Committee, of which he became a member; he 
was chairman of the Advisory Council of British Dyes, Ltd, 
created by the Government to deal with another vast industrial 
failure; and he held a place on the Council of the “ Scheme for 
the Organisation and Development of Scientific and Industrial 
Research,” a belated attempt by the Government to atone for past 
neglect. 

When the call of his country came Meldola was ready, and he 
worked beyond his strength.t England has never had a more 
loyal or devoted son; he gave up everything for her in the hour 
of need. And what had the Government of England done for 
him? Meldola was twice offered a decoration of the Legion of 
Honour—in 1900 and again in 1907. On both occasions the 
Foreign Office forbade him to accept the distinction. Can we seri- 
ously suppose that it was the wish of Lord Salisbury in the earlier 
year or of Sir Edward Grey in the later, thus to treat a friendly 
nation,} and the eminent man she desired to honour? No, the 
cause of the intolerable disgrace must be sought in some wooden 
system erected by the permanent service—one of many unheeded 
warnings of disaster and misery that were so soon to follow in the 
train of official ignorance of science and official contempt for those 


* Meldola wrote to me, October 28th, 1915 :—“ A striking example of the 
result of applying science, is the development of the German optical and 
chemical glass industry, all of which, at the time of the war, was in the 
hands of our enemies.’’ An excellent summary of the work of the Glass 
Research Committee of the Institute of Chemistry is given in The Engineer 
of March 24th, 1916, p. 249. In drawing up this brief account of Prof. 
Meldola’s work at the Institute, I have received much kind help from the 
registrar and secretary, Mr. R. B. Pilcher. 

t On October 28th, less than three weeks before his death, he wrote to 
me :—I am still insomnolent and depressed, and overwhelmed with work, 
and every post brings in shoals of letters requiring more and ever more 
correspondence.” } 

t Meldola wrote to me concerning the 1907 incident :—‘t The Chemical 
Society of France, on whose recommendation the distinctions were offered, 
thus received a direct snub from this country.” 
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yho devote their lives to science. It is not to be supposed that 
gientific men more than others value such distinctions; indeed, 
yith so much of absorbing interest to occupy their minds, they are 
iss likely to think too much of them. But, of course, the token 
of appreciation by foreign scientific colleagues is peculiarly gratify- 
ing, and in this instance it was especially so, for, next to his own 
country, Meldola had always held France to be the dearest land 
of all. 

I dwell here and now on the incredible meanness with which 
sientific men are treated by a Government Department, because 
it is the clear duty of the Royal Society, so often appealed to by 
the Government, to protest, nay, more than protest, to ensure that 
the possibility of such a disgrace in the eyes of the intellectual world 
which stupid officialdom has inflicted on our country shall be 
forthwith removed. 

This is but one change which surely cannot be delayed, but how 
many and great are the necessary reforms which rise before us as we 
think of the life and teaching of the great man we have lost, just 
when we needed iim most! In the steadfast hope, which was also 
him, that the country will learn the lesson before it is too late, I 
conclude with the words which Meldola had specially noted down 
0 that they might live in his memory :— 

“While men strive and fail, and faint by the way, the work 
they have tried to do does not fail, but is eternally carried on in 
ways unknown to them.* 


E. B. P. 


THOMAS PURDIE. 
Born January 277TH, 1843; Diep DecemBer 141u, 1916. 


Ix a small University town where students inherit traditions which 
link them with their predecessors of the Middle Ages, some flavour 
of the monastic spirit of learning may still survive, even in these 
Progressive days. The student finds himself brought into close 
Personal touch with his teachers, and occasionally he comes under 
the influence of one to whom he gladly gives his full confidence 
and in whom he finds a friend and inspiration for life. It is not 
‘very professor who is fitted to play this part in moulding character 
or who could maintain, throughout a long period of office, the 
unfailing tact and intense sympathy which mark the true leader 


* From “ Knight-Errant,” by Edna Lyall. 
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of youth. Such men are rare, but such a man was Thomas Purdie. 
What he did for chemistry and for the University of St. Andrews 
can in some measure be gauged by all, but the influence of his 
personality and character on his students was something which 
cannot well be expressed in words. 

Of the many factors which made for his success, one was his 
experience in early manhood of a life far removed from that of 
the academic specialist. Born at Biggar in 1843, he spent a quiet, 
uneventful boyhood under the care of a devoted mother, of whom 
he always cherished fragrant memories. In due course he entered 
Edinburgh Academy, where his interests in classics and literature 
were stimulated by D'Arcy Thompson, and this was succeeded by 
a period of travel and study in Spain, the fruits of which were a 
sound knowledge of Spanish and the awakening of that interest 
in mineralogy which was ultimately to lead him into chemistry. 
A short experience of business life followed, and then came an 
abrupt change in his career when he went out to South America 
to take up farming. In the early ’sixties, the conditions in the 
part of the Argentine in which he settled were primitive, and the 
many adventures encountered by the young pioneer in the next 
seven years were destined to be recalled in the interesting reminis 
cences of the future professor and to furnish the incidents 
described in a fascinating book for boys. During peaceful 
intervals, when free from Indian raids, the life of the estancia 
was varied by studies of the pampas flora and by geological 
excursions to the distant Andes, but bad seasons, political unrest, 
and the unwelcome attentions of the Indians brought the venture 
to an end, and Purdie returned home, thus closing the first 
chapter of his life. 

In South America he had lived in the saddle, and had been 
able to gratify his longing for an active life. Unconsciously, he 
had also developed his latent scientific aspirations, so that he was 
ready to fall in with a suggestion which came to him almost 
accidentally. He used to relate how, on his return to this country, 
he took a walk under the cliffs of St. Andrews with Huxley, and 
the conversation turned on the possibility of his devoting himself 
to a scientific life. Within sight of the college in which he after- 
wards filled the chair of chemistry for twenty-five years, the final 
decision was made, and Purdie at once matriculated in %&. 
Andrews, where he remained for a year, thereafter transferring 
to the Royal School of Mines to become a pupil of Sir Edward 
Frankland. To begin serious scientific study for a profession at 
the age of thirty must have needed some courage, yet in three 
years the London B.Sc. was completed, and meanwhile Purdie had 
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jefinitely pledged himself to chemistry by accepting an appoint- 
ment as demonstrator at the Royal College of Science. After a 
time he decided to continue the study of chemistry in Germany, 
ind attached himself to Wislicenus in Wiirzburg. Here he found 
himself in the company of Vines, P. F. Frankland, and Perkin, 
and many new friendships were formed. 

Of Wislicenus, Purdie cherished a warm admiration, and that 
this feeling was mutual and lasting can be vouched for by the 
writer, who had the privilege, some twenty years later, of being 
a student under both these men. They had much in common, 
including that indefinable gift of imparting real enthusiasm and 
encouragement to the young investigator. The German degree was 
completed in 1881, and Purdie returned to London. Further teach- 
ing experience was gained at Newcastle-under-Lyme, and then came 
an invitation to act as interim at St. Andrews during Heddle’s 
absence on a Government survey. This was accepted, and in 1884, 
on the chair becoming vacant, Purdie was appointed. 

He found the department poorly equipped, for the subject then 
formed no part of a definite science curriculum, and was only 
attached in a somewhat precarious manner to the Faculty of Arts. 
The University was just emerging from a period of financial strain, 
and the average Scottish student is generally in very much the 
same position. The situation offered few prospects for conducting 
research, and none whatsoever for inducing students to undertake 
original work in chemistry. Yet, in his introductory lecture, 
speaking to an audience consisting almost entirely of arts students, 
we find the new professor unfolding his plans: “I venture to 
hope,” he said, “that I may soon have some students who will be 
willing to give the time required for original investigation, and I 
can promise them that, whether the results they may obtain be of 
scientific value or not, they themselves will be amply rewarded ; 
for, among all the methods of scientific training, there is none of 
such high educational value as research.” “Might it not be 
possible to remain at St. Andrews during the summer months and 
undertake some original investigation, the results being published, 
as is frequently done in Germany, in the joint names of professor 
and student, and as contributions from the United College, St. 
Andrews? A beginning once made, a little band of workers would 
soon collect.” 


One can imagine the earnestness with which the appeal was 
made, and can admire the courage, mingled with a healthy spirit 
of confidence, which prompted it. His quiet satisfaction, as these 
aspirations were gradually realised, can also be well understood. 
His zeal for research, however, was not allowed to interfere in 
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any way with the conscientious performance of what he felt to 
be his first duty—the teaching of undergraduates. The policy 
was sound, for he won students to research by the attraction of 
his teaching and by his sincere and unaffected interest in their 
welfare. The class could not fail to be impressed with the fact 
that the professor enjoyed his lectures, and some share of his keen 
enthusiasm for the subject inevitably found its way to the 
occupants of the benches. He spoke with easy, natural fluency, 
and the few scraps of notes which he faithfully arranged before 
beginning were soon pushed aside and forgotten. Without shirk 
ing the necessary hard work of the degree course, he did not 
hesitate to broaden the outlook of his hearers by excursions into 
other subjects or to enliven them with an apt quotation from the 
classics or a Biblical reference. His teaching was above all 
thorough and the treatment of the subject philosophic and 
scholarly, and thus many students from other faculties found their 
way to the chemistry class-room and thence to the laboratory. 
They came through the personal attraction of the professor; they 
remained, fascinated by the subject and the man; and in due 
course many worked their way to the research bench. 

Purdie was a firm believer in the efficacy of numerous, and even 
elaborate, lecture experiments. These were always carried out on 
as large a scale as possible, and the results, in the hands of over- 
zealous lecture assistants, were occasionally more striking than 
anticipated. Some Fellows of the Society will no doubt remember 
the celebrated experiment designed to illustrate the action of a 
torpedo exploding under water, and no one who was present is 
likely to forget the occasion of its last performance. On that 
particular day few students remained behind, as was the general 
custom, to talk over the results of the experiments with the pro 
fessor, but the majority of the class sought unfrequented lanes to 
their rooms to get into dry clothes. 

Naturally enough, it was in the small Honours classes that 
Purdie’s gifts as a teacher were best appreciated. Here he aban- 
doned the formal lecture to which the Scottish student has been 
long accustomed, and the discourse often resolved itself into an 
informal discussion. Of his homely yet forcible teaching illustra- 
tions, one may be recalled. He was lecturing on stereoisomerisM, 
a subject on which he was surely well qualified to speak, and had 
used the ordinary models and had duly exhibited the object and 
reflected image to the class. No doubt the relationship was under- 
stood, but it was finally driven home in a way that no St. Andrews 
student could ever forget. Seizing from under the table an old 
golf club (of the now defunct “ baffy-spoon” type), he held it 
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triumphantly in front of a long mirror. No golfer looking at the 
image could fail to realise that here, no matter how great his 
prowess on the links, was a club he could not wield. It was in 
these informal classes that the student felt compelled to join forces 
with his professor and to emulate his example as an earnest seeker 
after truth, so that, at the close of the course, the young graduate 
found his desire kindled to follow his leader into that second stage 
of the journey in which the unknown is penetrated. 

The expansion of the chemistry department in 1905, to which 
reference will be made later, meant at least one regret to Purdie, 
for he then vacated the quaint, old-fashioned lecture-rroom where 
he had sat as a student and had afterwards taught for twenty-one 
years. Yet the change was also welcome, for it arose out of the 
fulfilment of the hopes expressed in his introductory lecture and 
as the result of his own efforts and public-spirited generosity. 

From his arrival in St. Andrews he had set the example as an 
original worker, and although he began as a solitary investigator, 
students followed his lead, and he left off with a firmly established 
research school. The start was made in a narrow room which 
served the triple purpose of teaching laboratory, research labora- 
tory, and preparation room. Here, once the day’s teaching pro- 
gramme had been disposed of, the two benches were cleared and 
research work resumed, to be continued often far into the night. 
The inconveniences experienced under these conditions had better 
be left to the imagination, but were in large measure removed in 
1891, when a new laboratory was presented to the University in 
memory of Purdie’s uncle. Part of this building was reserved for 
research work; but in the course of less than ten years even this 
extra accommodation became insufficient. It had now become the 
custom for many of the graduates in chemistry to stay on at least 
an extra year to join Purdie in his researches, and the institution 
of the Carnegie Research Scholarships and Fellowships in 1902 
naturally gave a great impetus to the movement. It was at this 
stage that, Purdie-gave effect to an idea which had long been in his 
mind. He offered to erect and equip a special institute for 
chemical research. The generous proposal was gladly accepted by 
the University, which, along with the Carnegie Trust, joined in 
the scheme. In two years the building was complete and furnished 
in the most efficient manner for its special purposes. The fact, 
too often ignored, that research costs money, both to the University 
and to the worker, was not lost sight of by the generous donor, 
who added to his original gift by establishing a research endow- 
ment fund. This is sufficiently large to make the new laboratories 
,eltsupporting in every way, and to defray the cost of all materials 
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and apparatus used by research workers. It was characteristic 
of Purdie that he carried through this scheme with thoroughness 
and with an entire absence of display. “Better is the end of 
thing than the beginning thereof,’ he quoted, as his apology for 
having no official opening when the buildings were first occupied ; 
but he had the satisfaction of seeing the accommodation of the 
new research laboratories taxed to the uttermost, and the “little 
band of workers” to which he had looked forward in his first 
lecture in St. Andrews soon numbered eighteen graduates. For 
four years he watched the steady growth of his research school in 
its improved surroundings, and then, owing to failing health, he 
resigned from his chair in 1909. 

His story bears witness to a fund of vigorous energy, yet those 
who knew him well realise the severe handicap imposed on him 
throughout the greater part of his life by attacks of asthma. 
Certain seasons of the year were marked by periods of great suffer. 
ing, but this was always borne with unfailing cheerfulness, and 
recovery was rapid. He did not look for sympathy in his illness, 
which was only deplored by him as an interruption from the absorb- 
ing interest of his work, and he would have been the first to 
maintain that his life was a supremely happy one. 

He certainly enjoyed both his work and his leisure. During 
the long vacation he travelled extensively, and, nearer home, the 
humble crofters of the Outer Hebrides will remember him for more 
than his skill as a fly fisher. In term time he sought relief from 
the laboratory by an occasional round on St. Andrews links, and 
even there his inborn accuracy did not desert him, as many long- 
driving students realised when matched against him. 

Of the happy memories which will be cherished by Purdie'’s 
pupils, many will dwell on his home life. Here budding chemists 
learned to appreciate that there is music beyond the range of 
students’ songs, and literature other than the records of scientific 
papers. Round his study fire, the philosopher, the theologian, 
and the traveller were wont to gather, and to them as to his 
students memory will recall these evenings and will conjure up 
the tall figure, arresting presence, and gentle voice of a man who 
commanded something more than admiration. 

The original work for which Purdie was responsible falls 
naturally into three classes. Since the days spent in Wiirzburg, 
he had been keenly interested in the changes undergone by ethereal 
fumarates and maleates under the action of sodium alcoholates. 
The general reaction described and explained in the course of 
these researches is now well known, but is nevertheless one which 
is periodically rediscovered. In the earlier papers on this subject 
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t is shown that when ethyl fumarate, dissolved in alcohol, is 
treated with sodium ethoxide and an alkyl iodide, the reaction 
yhich proceeds is independent of the nature of the haloid used. 
It was afterwards established that the essential change is the 
jddition of the elements of alcohol to the unsaturated ester, with 
the production, in the case specified, of ethoxysuccinic esters. A 
notable extension of the investigation was the proof that the solvent 
ikohol is the determining factor which controls the particular 
ikyloxy-group thus introduced. The ultimate development of 
the work was therefore the elaboration of a method of exchanging 
the alkyl groups of an ester for other alkyl groups by dissolving 
in the appropriate alcohol and treating with a small quantity of 
, sodium alkyloxide, which acts catalytically. The reaction was 
extended to meet the case of saturated esters, and proved to be of 
gneral application and of considerable utility. 

Doubtless Purdie’s name will be best remembered for the part 
he took in developing research in this country on optical activity. 
The many difficulties attending such work to-day are very well 
recognised, but twenty-eight years ago even a resolution was a 
novelty and a process not lightly to be undertaken. It was in 
large measure pioneer work, and Purdie brought to bear on it all 
his pioneering abilities. 

Of the substances which played a part in the early researches 
m asymmetry, first interest will always be attached to tartaric 
acid, but from many points of view, including that of simplicity of 
structure, it has long been recognised that lactic acid is worthy 
of special study. It was, in fact, the ideas of Wislicenus on the 
isomerism of lactic and sarcolactic acids which led van’t Hoff to 
his theory of the asymmetric carbon atom. Apart from processes 
involving the use of moulds, the resolution of the inactive acid 
proved to be exceedingly difficult, but a practical method, based 
om the use of strychnine, was ultimately worked out by Purdie in 
asociation with J. Wallace Walker. As a result of this investiga- 
tion, both the d- and J-lactic acids became available, but the out- 
standing feature of the work was the isolation, in active forms, of 
the well-defined zinc ammonium lactates, which in Purdie’s hands 
were utilised for a further research of fundamental importance. 
The double salt in question is characterised by the ease with which 
the racemic mixture forms supersaturated solutions, and the 
successive nucleation of such systems with a trace of the optically 
active modifications leads to the separation of the d- and /-forms 
iu alternate crops. The novelty and importance of such a dis- 
covery were at once recognised, and the separation of lactic acid 
into active forms by the most uncommon of all methods of resolu- 
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tion was adopted successfully on the large scale. Kilograms of the 
active zinc ammonium salts were prepared with unfailing 
regularity, and thus it was possible to make a complete study of 
the active ethereal and metallic lactates, including the changes of 
rotation shown by the latter in varying concentration. Purdie 
showed little tendency, however, to focus unduly on one subject 
of research, and the success achieved with lactic acid did not pre- 
vent him from attacking the resolution of methoxy-, ethoxy., and 
propoxy-succinic acids by means of alkaloids or by the action of 
ferments. The results thus obtained may be regarded as the 
natural development of his first investigations, and proved of great 
value in his later work on the esterification of hydroxy-acids. 
Resolutions, it may be remarked, afford a somewhat severe test of 
accuracy, and specific rotations are often published in haste to be 
corrected at leisure; but no correction has been necessary in any 
of the optical values recorded in these papers, and the figures then 
determined stand to-day. 

It was only natural that, as the study of optical activity pro- 
gressed, Purdie should have joined in the search for the elusive 
factors which govern the magnitudes of molecular rotations, but 
work instituted with this object in view led him into entirely 
different fields. Impressed with the fact that the specific rotations 
ascribed to simple ethereal lactates showed considerable variation, 
he repeated the preparation of several of these compounds with 
the object of ascertaining if the discordant results could be 
attributed to racemisation. He thus made the surprising discovery 
that the rotations of both ethereal lactates and malates differed 
slightly, according to the method of preparation adopted, but that, 
nevertheless, no racemic ester was present in any of the cases 
studied. For example, starting from active lactic acid and using 
the sulphuric acid method of esterification, ethyl lactate was 
obtained which was always less active than the same compound 
produced by the action of ethyl iodide on silver lactate. The two 
preparations gave perfectly satisfactory analyses, and, as the differ- 
ence in rotation was small, the result would have been passed over 
by workers possessed of a less rigid sense of accuracy. It seemed 
most unlikely at the time that the silver salt method of esterifica- 
tion could possibly be at fault, but further research proved that, 
at all events, the preparation of ethereal lactates by the tse of 
alcohols and mineral acids was unattended by any detectable 
racemisation. 

After a most laborious investigation, it was shown that the 
interaction of silver lactate or malate and alkyl] iodides is irregular 
in giving a small proportion of the corresponding alkyloxy-ester, 
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snd it is to the presence of this trace of impurity that the higher 
activity of the normal product is due. The result affords ample 
estimony to the care and scrupulous accuracy of Purdie’s work, 
aud was confirmed by resolving the simple alkyloxypropionic acids 
in order to obtain exact data as to the activities of the related 
esters. 

This irregular reaction towards alkyl haloids displayed by the 
ilver salts of hydroxy-acids was afterwards shown to be general, 
and, in tracing the abnormality to its source, Purdie discovered a 
new reaction of great utility. He found that when a hydroxy- 
compound, either in the homogeneous state or dissolved in a 
yeutral solvent, is treated with dry silver oxide and an alkyl iodide, 
ikylation of the hydroxyl groups proceeds with remarkable 
wiformity and smoothness. The reaction, which was first 
employed in the St. Andrews laboratories for the production of a 
gries of active alkyloxy-esters, was shown by Lander to have a 
wide range of application, and as it has since been employed by 
many workers in diverse fields, it now possesses a considerable 
literature. 

Purdie was quick to realise that the silver oxide reaction might 
ind extensive scope in the sugar group, and lost no time in direct- 
ing the energies of his collaborators into this new channel. 

As was to be expected, the experimental difficulties encountered 
in this third phase of his original work were considerable, and 
results came slowly; but the resources of the new research labora- 
tory were now available, and, after the lapse of a year, the first 
secimen of tetramethyl glucose was produced. Owing to the 
oxidising effect of the silver oxide used in the methylations, it was 
necessary to protect the reducing group of the sugar and to start 
the series of reactions from methylglucoside. After complete 
methylation, the glucosidic group was removed by hydrolysis and 
the alkylated glucose thus liberated. By analogous processes, 
various methylated derivatives of fructose, rhamnose, and arabinose 
were afterwards obtained, and the outcome of the work was the 
opening up of entirely novel methods for attacking the intricate 
problems of constitution in the sugar group. The principles under- 
lying these constitutional studies can be expressed in general terms. 
By methylation, the free hydroxyl groups in a sugar complex can 
be substituted, and hydrolysis of the product thus liberates the 
components of the original complex in the form of derivatives in 
which the highly reactive hydroxyl groups are replaced by stable 
methoxy-groups. Estimation of the number and distribution of 
the latter thus gives the most definite evidence as to the structure 
of the parent substance. The constitution of natural and 
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synthetical glucosides, and even of disaccharides, can thus be sub. 
jected to rigid experimental study. One of the first efforts in this 
direction resulted in the proof that a- and B-methylglucosides 
possess the same oxidic linking, as both isomerides are convertible 
into the same variety of tetramethyl glucose. This result acquires 
a new importance now that the whole question of the structure of 
sugars is being reopened, and much recent discussion on the con- 
stitution of the two glucosides mentioned might have been 
altogether avoided if sufficient attention had been paid to Purdie’s 
work in this field. 

Another result of first importance, obtained by similar processes, 
was the experimental proof of the glucose linking in sucrose and 
maltose, and the value of such methods of determining structure 
becomes more evident the more deeply the mysteries of the con- 
stitution of sugars are penetrated. 

His last published papers, in which the action of Grignard 
reagents on methyl mono- and di-methoxysuccinates is described, 
show a return to his earlier subjects of research. The reactions 
proved to be extremely complex, as, in the case of magnesium 
phenyl bromide, the first effect of the reagent on the monomethoxy- 
ester is to abstract the elements of alcohol, with the transient 
formation of methyl maleate. Thus, by a curious coincidence, 
Purdie ended his research work by dealing with one of the com- 
pounds which, thirty years earlier, had first occupied his attention 
as an investigator. The results discussed in these closing papers 
are not only highly important in themselves, but the publications 
show that he never lost either the power or the patience to work 
his way through a tangle of perplexities to a clear issue. 

Although Purdie was genuinely absorbed in the later work 
associated with his laboratory, the subject of optical activity always 
retained its early attraction, and it was a great satisfaction to him 
that St. Andrews had an indirect share, through the work of one 
of his pupils, in the development of such subjects as racemisation, 
asymmetric synthesis, and optical inversions. 

Purdie’s high standard of accuracy was not confined to the 
bench, but extended to the preparation of his published papers. 
These were frequently rewritten several times before being sub 
mitted to the Society, and he carefully preserved notes explaining 
in detail his reasons for the theoretical views he expressed. His 
attachment to the Chemical Society dates from 1875, when he 
became a Fellow, and he warmly appreciated his election to the 
Council and the invitation in 1899 to act as a Vice-President. It 
was naturally difficult, more particularly in later years, for him 
to be present at the meetings, and this was a source of real regret, 
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but there is something appropriate in the fact that he did all in 
nis power to plant the spirit of the Society in the first University 
of Lyon Playfair. 

His work did not remain unrecognised. The University of 
Aberdeen conferred on him the honorary degree of LL.D. in 1894, 
and a year later he was elected a Fellow of the Royal Society. In 
1910 St. Andrews, owing him a debt which cannot be repaid, also 
conferred on him her highest honour. 

The last chapter of Purdie’s life, if all too short, was a fitting 
dose to his career. He lived on at St. Andrews after his resigna- 
tin, and although he often referred to himself as an “ ex- 
professor,” no one regarded him in this light. He continued to be 
the father of the laboratory; where his daily visits were welcomed 
by all, and the devoted son of the University which he had served 
« well and so generously. 

Appreciated by his colleagues and venerated by his students, he 
must have looked back with quiet pleasure on a life full of good 
work and good works—a life brightened by domestic happiness and 
shadowed only by the passing cloud of his periodic illness. The 
tender care of the one dearest to him, and his own uncomplaining 
courage, thus carried him through for eight years, which were 


precious to all who knew him. 
J. C. Irvine. 


SIR WILLIAM RAMSAY, K.C.B.* 
Born Octoser 2np, 1852; Diep Juty 22np, 1916. 


By the death of Sir William Ramsay at the comparatively early 
age of sixty-three the world loses one of the most active, skilful, and 
gifted experimental chemists of this or any other age. It is too 
soon to attempt an estimate as to the position which his name will 
ultimately occupy in the history of chemistry as it will appear to 
our successors a generation hence. But it may safely be predicted 
that it will be in no inferior rank, and for the simple reason that 
his fame among his contemporaries is based on the solid foundation 
of positive discovery. 

He was not specially distinguished by the promulgation of ori- 
ginal views in connexion with the theory of chemistry, but he 
showed the elasticity of his mind by the readiness with which he 
confronted new doctrines and when approved adopted them into 
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his teaching. He was the first to introduce to English readers 
van’t Hoff’s gas theory of solutions. He accepted the Arrhenius 
hypothesis of free ions in dissolved electrolytes and was among the 
first to become an exponent of this view, so unpalatable to some 
of his contemporaries. He was, in fact, a born physical chemist, 
for although his first essay, produced under the inspiration of his 
master, Fittig, was on orthotoluic acid, and although in conjune- 
tion with his friend, J. J. Dobbie, he worked on some decomposi- 
tion products of quinine, the whole of his published work, from the 
time he entered on an independent position at Bristol until fifteen 
years later, relates to physicochemical questions. 

The Transactions of the Chemical Society contain all his earlier 
papers on physicochemical subjects, of which the first is on the 
dehydration of hydrates by the time method (1877). The next was 
on the volunies of liquids at their boiling points (1879). The method 
there used was extended to sulphur and some other elements 
(sodium, bromine, phosphorus, 1881) as well as to a number of 
aromatic compounds, from which certain conclusions were deduced. 
Each substance contained in a small bulb was heated by the vapour 
of the same boiling under atmospheric pressure. These were 
published as contributions from the laboratory of University 
College, Bristol. A third paper on the heat of formation of certain 
organic compounds also appeared in 1879. He was then Tutorial 
Assistant in the University of Glasgow. In 1883 he published 
the first of a series of researches, undertaken jointly with Dr. 
Sydney Young, on the thermal properties of solids and liquids. 
In one of these papers the importance of wrapping cotton-wool or 
asbestos round the bulb of the thermometer in the determination 
of boiling points at atmospheric pressure was for the first time 
pointed out, and the reason given (T., 1885, 47, 42). In a second 
paper in the same journal and year (p. 640) a method is given for 
obtaining constant temperatures variable at will. The authors 
discuss in these papers the nature of dissociation and the constitu- 
tion of liquids and the properties of liquids at the critical point. 
A few years later, in conjunction partly with Dr. J. Shields and 
partly with Miss Aston, Ramsay published several important papers 
on the molecular surface-energy of liquids which throw light on 
the degree of their molecular complexity. 

While this work was going on other cognate subjects occupied his 
attention, such as the molecular weights of metals, the molecular 
weight of nitrogen peroxide, and the non-existence of nitrogen 
trioxide in the gaseous state. 

Brownian or pedetic motion in relation to colloidal solutions was 
the subject of a communication by Ramsay to the Chemical Society 
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in 1892, but it is probably not generally known that this interesting 
henomenon had occupied his attention ten years earlier. 

In 1882 he appears to have regarded the motion of fine particles 
ys dependent not on the impact of individual molecules of the 
liquid, but as evidence that the molecules of liquids are associated 
into larger moving masses. “If molecules do not coalesce and move 
js a whole then they would appear to have no possible power of 
giving motion to a mass so much larger than themselves.” This 
view expressed in a short paper communicated to the Bristol 
Society of Naturalists does not appear to be fundamentally changed 
in the communication to the Chemical Society ten years later. 

The direction of Ramsay’s researches was destined soon after 
this time to be concentrated into an entirely new and unexpected 
channel. For some years Lord Rayleigh had been studying the 
densities of the simple gases, and in the case of nitrogen had 
encountered an anomaly which for some time received no explana- 
tion. He found that nitrogen isolated from various chemical com- 
pounds had a density which corresponded with the weight of 
12505 grams per litre, whilst nitrogen from atmospheric air 
weighed 1°2572 grams per litre. Is the relative lightness of the 
chemical nitrogen due to an impurity such as hydrogen or marsh 
gas! Is the high density of the atmospheric nitrogen due to traces 
of unremoved oxygen or oxide? Is the chemical nitrogen lighter 
in consequence of partial dissociation? These and other questions 
were one after the other answered in the negative by specially 
devised experiments. Lord Rayleigh consulted many of his chemi- 
cal friends, but one only entered seriously and sympathetically into 
consideration of the baffling problem. The happy result was the 
announcement, in a joint communication to the Oxford meeting of 
the British Association in 1894, of a new and remarkable constitu- 
ent of the atmosphere. For several months immediately following 
this announcement the feeling generally prevalent in the chemical 
world was one of curiosity mixed with a large proportion of 
incredulity. But no one who was present at the special meeting of 
the Royal Society, held on January 3lst, 1895, in the theatre of the 
University of London in Burlington Gardens, will be likely to forget 
the excitement with which the large audience received from Lord 
Rayleigh and Professor Ramsay the detailed account of their joint 
work and the conclusion at which they had arrived, and the intense 
interest which the new gas, argon, with its strange properties, 
arouse'l in the minds of all the chemists present. The story is too 
long to repeat in this place, and, moreover, the argon group of 
elements is now familiar to everyone. But all students should read 
the details of this wonderful research in the paper entitled “ Argon, 
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a New Constituent of the Atmosphere,” in the Proceedings of the 
Royal Society (57, 265). This occasion, remarkable as it was, wa; 
perhaps surpassed in dramatic interest when, less than two months 
later, at the Annual General Meeting of the Chemical Society o 
March 27th, the Faraday Medal having been presented to Lor 
Rayleigh, the discovery of terrestrial helium in the gases from 
cléveite was announced by Ramsay. 

It is scarcely necessary to remind our readers that no one at 
that time ever expected to make a close acquaintance -with helium, 
the hypothetical solar element distinguished by the characteristic 
line D,, of which the wave-length had been given years before by 
Angstrém and by Cornu. 

A complete account of the sources and properties of helium up 
to that date will be found in a paper communicated to the Chemical 
Society on June 20th, 1895. The story, however, does not end here, 
for on June 9th, 1898, a new constituent of atmospheric air, named 
by the authors krypton, was described by Professor Ramsay and 
Dr. Travers, and on the 16th of the same month another gas, néon, 
was found among the “Companions of Argon.” Subsequently air 
was proved to contain a still heavier gas in small quantity to which 
the name xenon was applied. 

What led Ramsay to look for these companions of argon he has 
told in the interesting Presidential Address delivered to the 
Chemical Section of the British Association at its meeting in 
Toronto in August, 1897. It is sufficient to recall the fact that ia 
the original statement of the Periodic Law no place was reserved 
for elements of zero valency. But the relation of the atomic 
weight of helium to that of argon was sufficient to suggest to him 
the idea that these two elements were members of the same group 
of homologues and that there must be another element between 
them with an atomic weight differing from that of helium by about 
16 units, just as sodium (23) differs from lithium (7) by the same 
amount. This hypothesis was verified by the discovery of neon 
and further justified by the later recognition of krypton and xenon 
with their anticipated atomic weights. 

The discovery of radium by Madame Curie was announced in 
1902, and naturally this remarkable substance attracted a crowd 
of experimenters. Ramsay and Soddy added almost immediately 
a fact of fundamental importance when they identified the gas 
which is produced by the disintegration of radium emanation with 
helium. 

The search which Ramsay undertook later (1907-1908) for higher 
members of the same series was in one sense fruitless. But he 
placed the radium emanation, to which he gave the name niton, it 


if the 
|, Was 
onths 
Y on 
Lord 
from 


© at 
lum, 
istic 
d by 
up 
ical 


ere, 


and 


OBITUARY NOTICES. 373 


the list of inactive gases. In 1910, in conjunction with Dr. 
Whytlaw-Gray, he finally settled the density and hence the mole- 
cular and atomic weights of niton by direct estimations of its 
density. To appreciate the peculiar difficulties of this operation 
the original memoir must be read (Proc. Roy. Soc., 84, 586). It is 
sufficient to say here that the volume of gas weighed was 0°0658, 
or, say, 1/15 of a cubic millimetre, as an average of the five experi- 
ments, and that the weighings were performed by means of a 
modification of the Steele and Grant micro-balance, which is capable 
of showing a sensibility of 1/250,000 milligram. The enormous 
chemical energy of radium emanation and the decomposition of 
water by contact with it led Ramsay to consider the hypothesis of 
transmutation among the known elements by its action. All that 
can be said now is that this is a problem of profound interest which 
requires, and will in time, doubtless, receive, further investigation. 

Scientific chemistry, however, did not wholly occupy Ramsay’s 
mind. He held original views on education, and to the last objected 
to examination as a means of testing competitors for scholarships 
and prizes, or as a process leading to graduation in a university. He 
was a constant advocate at London of the system in which the 
accomplishment and acceptance of the “thesis” embodying work 
done by the candidate is the fundamental qualification. An exposi- 
tion of his views on this and other educational questions was many 
times the subject of lectures, addresses, and letters to the news- 
papers. So recently as January of last year six articles from his 
pen appeared in the Daily Dispatch under the title ‘‘ Germany’s 
Commercial War Machine.’’ The second of these articles relates 
to English education, and the second paragraph is headed in thick 
type “Still on Wrong Lines.” More cannot be said in this place, 
for education and politics are subjects which furnish material for 
inexhaustible controversy, and a man of Ramsay’s active mind 
and eager patriotism is not likely to have held views immediately 
acceptable to the crowd. 

The war came in 1914, and put an end to the pursuits of peace. 
With characteristic ardour Ramsay threw himself into every 
patriotic movement and never relaxed his efforts to rouse and 
inform the Government and to stimulate the Board of Inventions 
until overtaken by the dreadful disease which in a few months found 
the only possible relief in death. His mind, however, remained busy 
long after he knew that he had but a short time to live. His last 
word to the scientific world was received by the Royal Society so 
lately as April 1st, 1916, and appears in the July number of the 
P roceedings under the title “‘ A Hypothesis of Molecular Configura- 
tion in Three Dimensions of Space.” 
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William Ramsay was born in Glasgow on October 2nd, 1859 
the only son of his father, William Ramsay, C.E. His uncle, the 
late Sir Andrew Crombie Ramsay, F.R.S. (d. 1891), the well-known 
geologist, was from 1848 to 1851 Professor in University College, 
the institution in which more than thirty years later Willian 
Ramsay occupied the chair of chemistry. 

It is interesting to learn that the Ramsays for several generations 
had been dyers, and that one of them, the grandfather of the 
chemist, another William Ramsay, took an interest in chemistry, 
and three papers are attributed to him in the Royal Society Cata- 
logue. It has, however, been suggested that part of the inherited 
capacity of the scientific discoverer came from the side of his 
mother, Catherine Robertson, in whose family a series of physicians 
of note gave indication of intellectual power. 

William Ramsay described himself as a precocious dreamy youth, 
and there is no record of special distinction at school or college. 
After early years at the Glasgow Academy, he matriculated at 
Glasgow University in his fourteenth year. At eighteen years of 
age he went to Germany, where he spent some time under Bunsen 
at Heidelberg. He then proceeded to Tiibingen, where under 
Professor Fittig he secured his Ph.D. 

Returning to Glasgow he was from 1872 to 1874 assistant in the 
Young Laboratory of Technical Chemistry, and subsequently 
Tutorial Assistant in the university under Professor John Ferguson. 
During this period he was busily at work on various subjects, partly 
physicochemical, to which reference has already been made. He 
was a candidate for the chair of chemistry at Belfast, which became 
vacant by the retirement of Dr. Andrews (d. 1885) in 1879. He 
also stood for the corresponding post in the Royal College of Scienee, 
Dublin. In these and some other cases he was unsuccessful, and it 
was only when a vacancy occurred in University College, Bristol, 
in consequence of the transference of Dr. Letts to Belfast, that he 
found his opportunity. He entered on his duties in Bristol in 
the spring of 1880, and in September, 1881, was appointed Princ: 
pal of the College. Those were early days in the history of the 
College, but those who can look back to that time can remember 
witli how much tact and patience the affairs of the then only 
potential university were handled by the young Principal. He 
was no more than about twenty-nine years of age, and the college 
had been, three years previously, practically forced on an indifferent 
and unsympathetic public. In Bristol Ramsay remained until 
1887, when he was chosen to succeed the veteran chemist, William 
son, in the chair at University College, London. 

It is, of course, superfluous to say that honours of all kinds 
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ame thick upon him toward the end of the century. He was 
ected a member of practically all the scientific academies and 
weieties in the world. Honorary degrees were conferred on him 
jy many universities. He received the Davy Medal from the 
Royal Society (1895), the Longstaff Medal from the Chemical 
Society (1897), and several others from foreign institutions. In 
1902 he was created K.C.B., being already Commander of the 
Crown of Italy, Officier de la Légion d’Honneur of France, and 
Knight of the Prussian Order “Pour le Mérite.” In 1904 he 
received the Nobel Prize for Chemistry, in the same year that the 
Nobel Prize for Physics was awarded to Lord Rayleigh. It is 
perhaps appropriate to recall the fact that names may be submitted 
to the Nobel Committee of the Swedish Academy only by a strictly 
limited number of persons, and a statement of the claims of the 
person whose name is proposed involves the preparation of a care- 
fully considered document. There can be no impropriety now in 
nentioning that Ramsay's name was proposed to the Swedish Com- 
nittee by Lord Avebury, as a member of the Swedish Academy, 
aud the proposal was supported by the signatures of the leading 
English chemists. But it is probably not known generally in this 
country that a separate and entirely independent proposal was sent 
in to the Academy by Professor B. Brauner, of Prague. The state- 
ment drawn up by Professor Brauner occupied nine foolscap pages 
and gives evidence of the characteristic enthusiasm of its author. 
Naturally he lays particular stress on “the discovery of one whole 
missing group of elements in the periodic system of Mendeléeff and 
the production of helium from or through the radium emanation.” 
There is every reason for believing that, apart from the months 
of pain at the end, Ramsay’s life must have been a very happy one. 
In 1881 he married, and throughout his career his wife was his 
constant companion, not only in the home, but in the numerous 
journeys undertaken at different times to distant parts of the world. 
Soon after the discovery of the new gases he was invited to lecture 
before a large popular audience in Berlin. On occasions such as 
this his remarkable familiarity with languages other than his own 
did good service, and enabled him to address an audience of fifteen 
hundred people in German. The lecture was repeated before the 
Emperor and the Court in English. He also lectured to the Berlin 
Chemical Society, and the lecture is reported in full in the Berichte 
for 1898. About the same time he lectured to a Parisian audience 
on the same subject in French, and in 1909, at the opening meeting 
of the International Congress of Applied Chemistry held in the 
Albert Hall, with the Prince of Wales (now King George) by his 
Side, some interest and amusement was created in the large audience 
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by the readiness with which the President made use of the foy, 
official languages in succession. 

Other journeys he took, to Iceland, to the United States for the 
International Congress of Arts and Science at St. Louis in 1904 
where he gave an address on “ Present Problems of Inorganic 
Chemistry,” to India in order to advise the Government as to ths 
organisation of universities and technical schools in that country, 
It is to be hoped that some day an adequate account will be given 
of these expeditions, so full as they were of interesting occurrence 
and encounters. 

Throughout his long career of ever rising distinction, Ramsy 
never forgot his old friends. The elation of conscious genius never 
concealed the kindly, hospitable, and humane features of his char. 
acter, and whether in the mood for fun or for serious talk, he was 
always what is called “good company.” By his death a great light 
has been quenched, but the memory of it will stay with his con 
temporaries to the end, and the story of his ardent life and brilliant 
achievements should serve as a beacon to the younger generations of 
chemists. 

Sir Wm. Ramsay was an original member of the Society of 
Chemical Industry. He was president of the Society in 1903-1904, 
and during his year of office he took the Society to New York and 
thence to the St. Louis Exhibition. 

He first served on the Council of the Chemical Society in 1886, 
and after two periods as Vice-President he took office as Foreign 
Secretary in 1902. He was elected President of the Society in 
1907. W. A. T. 


FREDERICK WALLIS STODDART. 
Born May 2np, 1858; Diep Aprit 157, 1916. 


Freperick Wa.iis Sroppart, who died on April 15th, 1916, 
aged fifty-seven, was the son of the late W. W. Stoddart, the first 
Public Analyst for the City of Bristol, and Public Analyst for 
the County of Somerset. Frederick Wallis Stoddart was educated 
at the Bristol Grammar School, at University College, Bristol, and 
at St. Thomas’s Hospital Medical School, where, in 1877, he 
became assistant to Dr. Bernays, in whose laboratory he worked 
for three years. On his father’s death, in 1880, he succeeded to 
the Public Analystship of Bristol, which he retained until 1906, 
and was also appointed Public Analyst for the boroughs of Chard, 
Salisbury, and Bridgwater. He lectured for many years on the 
chemistry of public health and on bacteriology in the Bristd 
Medical School, and made several useful contributions to the litera 
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ve of the analysis of food, drugs, and water. Most of his papers 
were read before the Society of Public Analysts and published in 
ihe Analyst, his perhaps most important contribution to that journal 
Wing & bacteriological paper, “On the Separation and Identifi- 
ation of the Typhoid and Colon Bacilli.” During later years, 
ucteriological processes occupied a large share of his attention, 
yd he devised a successful mechanical apparatus for facilitating 
ihe bacterial oxidation and purification of sewage. He was elected 
,Fellow of the Society in 1894. BERNARD DYER. 


EDWIN WHITFIELD WHEELWRIGHT. 
Born SEPTEMBER 18TH, 1868; Diep May 2np, 1916. 


fowin WHITFIELD WHEELWRIGHT was born at Leeds on September 
ith, 1868. After holding scholarships at the Yorkshire College, 
leds, he gained a Balliol Scholarship in 1888, and took First 
(ss Honours in the Findl Honour School of Natural Science in 
Chemistry at Oxford in 1891. The years 1891—1893 were spent 
uder Bamberger at Munich, where he took the Ph.D. degree - 
“Summa cum Laude.” Returning to Balliol, he was demonstrator 
in the college laboratory for a short time, and then entered the 
wrvice of Messrs. Albright and Wilson, Ltd., of Oldbury, where he 
rmained until his death, in the spring of 1916, at the early age 
if forty-eight. It is not too much to say that he was a singularly 
silted chemist. His work was mainly in connexion with phos- 
phorus and its compounds, and extended to the study of match 
compositions, of which he had a knowledge which was probably 
urivalled—his collection of matches at the time of his death 
extended to many hundreds, most of which were made with his own 
lund. He made valuable researches into methods for detecting 
and estimating minute traces of yellow phosphorus. 

Wheelwright was endowed with an exact and critical mind 
which was reflected in his work—everything being based on search- 
ing analysis. Unfortunately, he paid the penalty of his fearless- 
nes a8 an experimenter by the loss of an eye, due to the explosion 
of a sealed tube. 

No technical chemist was ever more of a chemist and less of 
an engineer than Wheelwright, and yet he was eminently successful 
m building up his laboratory discoveries into works processes. 
His method appears to have been based on an intense application 
to detail and a power of estimating the influence of small factors 
on the final result. From the microcosm of the laboratory, he 
passed with a sure tread to the macrocosm of the works. 

VOL. CXT. Q 
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His last success only came to fruition at the time of hig q 
when it provided the means of coping with a sudden demand fron 
the Ministry of Munitions which could have been met in no othe 
way. 

Wheelwright married Louisa Harrison in 1901, and leave , 
son and daughter. R. THRELratt, 


JOHN WRIGHTSON. 
Born 1840; Diep DEecemBER 7TH, 1916. 


JouHN WricuHtTson, born in 1840, became a life member of the 
Chemical Society in 1864, and was one of those few who lived 
to see the jubilee of their membership. Shortly after attaining 
this, he was present at one of the meetings of the Society, and was 
duly congratulated by the President. 

Wrightson was essentially the practical agriculturist, teacher, 
and writer on agricultural subjects, and, though not strictly a 
chemist, he always showed in his writing and speaking a great 
regard for the teachings of chemical science, especially in con- 
nexion with agriculture. He was well up in, and often quoted, 
the work of Lawes, Gilbert, A. Voelcker, Warington, and other 
investigators, and was thoroughly conversant with the Rothamsted 
and other experiments. 

His first public appointment was in 1864, when he went as 
Professor of Agriculture to the Royal Agricultural College, Ciren- 
cester, leaving this in 1880 to found and become Principal of 
Downton Agricultural College, near Salisbury, where he remained 
until 1906. These were times antecedent to the era of agricultural 
departments of universities and university colleges aided by 
Government and local grants, and before which the older colleges 
named above had to give way. 

Wrightson was also for a long period connected with the Science 
and Art Department at South Kensington as lecturer in agri 
culture. 

He was a prolific and able writer, as well as vigorous speaker 0 
agricultural topics, and took great interest, in the discussions of 
the Farmers’ Club, of which he was for many years a member of 
the committee. He retained his vigour and activity to the very 


end, dying somewhat suddenly on December 7th, 1916. 
J. A. V. 
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XXX1.—The Action of Sulphur Dioxide on Metal 
Oxides. Part 1. 


By Dauzie, LLEWELLYN Hammicx. 


quvse (Annalen, 1848, 66, 103) showed that dry chromium tri- 
wide reacts slowly at 180° with sulphur dioxide to give sulphur 
trioxide and chromium sesquioxide. 

Schott (Dingl. Polyt. I., 1871, 202, 52) found that sulphur 
jioxide was absorbed by the oxides of calcium, strontium, and 
wrium with the formation of the sulphides and sulphates of these 
netals, 

Schott’s results were confirmed by Birnbaum and Wittich (Ber., 
180, 18, 651), who found that barium and strontium oxides yield 
alphites when heated from four to six weeks at 230° in a stream 
d sulphur dioxide. Calcium oxide, when heated for sixty hours 
inthe gas, gave a “‘ basic substance,” Ca,S,O,,. At higher tempera- 
tues, mixtures of sulphide and sulphate were obtained, as in 
khott’s experiments. Neither Schott nor Birnbaum and Wittich 
atended their inquiries to the behaviour of oxides other than those 
ithe alkaline earth metals. 

Veley (T., 1893, 63, 821) describes experiments on the inter- 
wtio between lime and sulphur dioxide which in general confirm 
te above results. He states, however, that at about 400° inter- 
ution occurs with the production of much free sulphur, and sug- 
gests reaction between calcium sulphide and sulphur dioxide as its 
ogin. The present author finds that when sulphur dioxide, dried 
wer phosphoric oxide, is passed over fresh lime (from Iceland spar) 
ieated to incipient redness, interaction with production of a red 
gow occurs, only small traces of sulphur being noticed. Veley does 
ut state what precautions were taken to dry the sulphur dioxide 
wed, and the source of the sulphur obtained in his experi- 
ments was probably hydrogen sulphide produced by the hydrolysis 
of calcium sulphide. 

Russell and Smith (P., 1900, 16, 41) found that mixtures of 
wlphur dioxide and oxygen aet on certain metal oxides, giving 
wulphur trioxide. They also stated that sulphur dioxide does not 
tact with manganese dioxide (see p. 382). Lead peroxide, on the 
tther hand, was found to yield lead sulphate. 

Reppeler (Zeitsch. angew. Chem., 1908, 21, 579), dealing with 
® catalytic effect of certain oxides, notably ferric oxide, on the 
reaction 280, + O, =2SOx,, found that ferric oxide reacts slowly with 
tulphur dioxide according to the equation 3Fe,0, + SO,=2Fe,0, + 
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SO, between 500° and 800°. He also found that cupric oxide 
reacts with sulphur dioxide to give cuprous oxide and copper 
sulphate.* 

In the present communication an account is given of the inter. 
action of sulphur dioxide and the following oxides: stannous, map. 
ganous, ferrous, lead (PbO), cupric, bismuth (Bi,O,), mercuric, 
and manganese dioxide. The usual method of experimenting was 
to pass the gas direct from a siphon of the liquid oxide over speci- 
mens of the various metal oxides heated in porcelain boats inside 
a silica tube. 


Tin Oxides. 


Stannic oxide, SnO,, was found to remain unchanged in sulphur 
dioxide at red heat. 

Stannous oxide, SnO, was prepared by boiling pure stannous 
hydroxide suspended in water with a trace of hydrochloric acid, in 
the absence of air (compare Ditte, Ann. Chim. Phys., 1883, [v], 28, 
145). It was obtained as a black, crystalline powder and dried 
over sulphuric acid in a vacuum. 

On heating this oxide in sulphur dioxide, interaction occurred 
with incandescence, clouds of sulphur being formed ; traces only of 
sulphur trioxide could be detected. The pale brown powder 
remaining in the boat after visible reaction had ceased contained 
stannous sulphide, SnS, and stannic oxide. On further heating, 
more sulphur was evolved, and pure stannic oxide ultimately 
remained. Thus 14746 grams of stannous oxide gave, after two 
hours’ heating to bright redness, 1°6441 grams of a white solid, an 
increase of 11°5 per cent. SnO—>»Sn0O, requires 11°9 per cent. 

On heating the white solid in hydrogen, loss in weight of 0°3494 
gram occurred, or 21°3 per cent. SnO,—>Sn requires 21'2 per 
cent. 

The primary reaction is clearly a reduction of the sulphur 
dioxide : 

(I) 18Sn0O + 7SO,=16Sn0, + 2SnS +58, 
probably followed by: 
(II) SnS + 3Sn0,=4Sn0 + SO,, 
the stannous oxide thus formed reacting as in (i) until only dioxide 
remains. It is easy to show that 98 will be produced in all, if the 
above equations represent the course of the reaction, when the 
change to stannic oxide is complete. 
Advantage was taken of the fact that practically no sulphur 


* The work described in the present paper is the result of the accidental 
discovery that sulphur dioxide reacts with cupric oxide, and much of the 
work on its action on other metal oxides was completed before the author 
became aware of Keppeler’s paper. 
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rioxide is formed during the reaction to collect and weigh the 
alphur formed. This was done by plugging the removable 
ound-in end of the silica tube with glass-wool and driving the 
sulphur into it with the flame, the end then being removed and 
weighed. The following results were obtained: 

I. 10851 SnO gave 0°1204 S=11°1. 

I. 08506 SnO_ ,, 0°0938 S=10°9. 

18Sn0 —> 18S8n0, +98 requires S=11°0 per cent. 


Iron Oxides. 


Keppeler (Joc. cit.) showed that ferric oxide at temperatures 
between 700° and 800° reacts slowly to give sulphur trioxide and 
rroso-ferric oxide, Fe,0,. This result was confirmed at the 
highest temperature available (dull redness). Experiments with 
impure) ferroso-ferric oxide indicated that it does not react appre- 
ably with sulphur dioxide at dull redness. 

Attempts were made to prepare ferrous oxide by the slow reduc- 
ti of pure ferric oxide in hydrogen at 300°, the product being 
tabilised by being allowed to cool and remain in hydrogen for 
twenty-four hours. ‘There was no certainty that the black powder 
thus obtained was pure ferrous oxide, even although approximately 
errect loss in weight occurred on reduction from ferric oxide. 

On heating the black powder in sulphur dioxide, reaction with 
ineandescence occurred, clouds of sulphur and sulphur trioxide 
being evolved. The solid remaining contained sulphide and ferric 
oxide, and on extraction with water gave a solution containing Fe’’, 
Fe", and SO,” ions. Prolonged heating gave a brown oxide 
which yielded ferrous and ferric chloride on solution in hydro- 
chloric acid. 

Manganese Oxides. 


Manganous oxide, MnO, was prepared by the reduction of pure 
manganese dioxide in hydrogen. On heating in sulphur dioxide 
interaction occurred, accompanied by a dull red glow. Sulphur 
and sulphur trioxide were produced, and a green powder remained 
that contained manganese sulphide and sulphate, together with 
traces of higher manganese oxides. On further prolonged heating 
to dull redness, a slow production of sulphur trioxide was noticed, 
but no free sulphur ; the solid became brown and ultimately white, 
pure manganous sulphate being obtained. 

Thus 0°2065 gram of manganous oxide (very finely divided) gave, 
after twenty-four days at dull redness, 0°4361 gram of manganese 
sulphate, an increase of 211°2 per cent. MnO—> MnSO, requires 
212°7 per cent. 
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As with ferrous oxide, the reaction is clearly complicated. The 
primary reaction, which takes place with evolution of sulphur 
appears to consist in the reduction of the sulphur dioxide, possibly 
in some such way as follows: F 


(I) 7MnO + 1080, =MnS + 6MnSO, + SO, +28. 


The composition of the green mixture of sulphide and sulphate 
as indicated by the mass of dioxide absorbed during visible reso. 
tion, varied widely in different experiments, and secondary reactions 
apparently occur at once. 

The change: 

MnS + 5MnSO, = 2Mn,0, + 6SO,, 


was found to occur when a mixture of green manganese sulphide 
and manganese sulphate was heated in sulphur dioxide to dull 
redness, at which temperature manganese sulphate alone was found 
to be stable in the gas. 

A specimen of the oxide, Mn,0,, in the form of a thin layer, was 
found to yield practically pure sulphate on prolonged heating in 
sulphur dioxide (see under manganese dioxide). 


Manganese Dioxide. 


According to Russell and Smith (loc. cit.), manganese dioxide 
does not react with sulphur dioxide. It is found, however, that if 
the dioxide is finely divided interaction takes place with evolution 
of heat and light when it is heated in the gas to dull redness. 
Visible reaction ceases after a few seconds and a reddish-brown 
powder is left, which contains manganese sulphate and one or both 
of the oxides Mn,O, and Mn,0,. A variable increase in weight 
was observed after the primary rapid reaction (for example, 
39°6 per cent. with very fine oxide; 29°6 per cent. with a coarser 
specimen). Prolonged heating caused a steady absorption of 
sulphur dioxide, traces of sulphur were observed in the earlier 
stages, and a steady production of sulphur trioxide occurred 
throughout. Pure manganese sulphate was ultimately obtained. 

With a specimen of manganese dioxide prepared by the ignition 
of recrystallised manganese nitrate and ground very fine in a 
agate mortar, the following result was obtained after heating to 


just visible redness until no further increase in weight occurred 


(twenty days): 

1:1240 MnO, gave 1°9594 MnSO,. Increase=74°3; Mn0,— 
MnSO, requires 73°7 per cent. 

The reactions that occur are clearly complicated, and seem to 


involve 
bilities 


ON METAL OXIDES. PART I. 383 


involve both oxidation and reduction of the sulphur dioxide. Possi- 
bilities are suggested in the following equations: 


(I) MnO, oe so, = MnSQ,. 
(II) 2Mn0, > so, = SO, + Mn,0,. 
(IIT) 3Mn,0, + so, = 2Mn,0, + SO. 


The oxide, Mn,0,, behaving as a mixture of the oxides MnO and 
MnO,, may react: 


(IV) Mn,O,+SO,=2Mn0O + MnSQ,. 
The oxide MnO may react with the oxide Mn,O, from (II). 
(V) Mn,O,+MnO=Mn,0,, 
or with manganese dioxide and sulphur dioxide: 
(VI) MnO+2Mn0, + SO,=Mn,0, + SOs. 


as well as reacting directly with sulphur dioxide as already sug- 
gested (p. 382), giving sulphur and sulphide, which in their turn 
might be expected to react with excess of manganese oxides present. 
Seeing that manganese sulphate is stable at the temperature of the 
experiments (dull redaess), its production by reaction (IV) would 
ultimately lead to the entire conversion of the dioxide. 


Lead Oxide. 


Lead oxide, PbO, reacts with sulphur dioxide, a dull red glow 
travelling through the mass of oxide when heated to just below 
visible redness. After visible reaction has ceased, a black powder 
remains containing lead sulphide and sulphate; no sulphur trioxide 
or sulphur is produced. The mass of sulphur dioxide absorbed 
during this stage is very variable (from 8 to 17 per cent.), and the 
composition of the sulphide-sulphate mixture is thus indeter- 
minate. 

Further prolonged heating yielded ultimately (three weeks) pure 
lead sulphate; small quantities of sulphur trioxide were produced 
and considerable sublimation occurred in the tube. This sublimate 
consisted mainly of lead sulphate in the hotter parts of the tube 
and of lead sulphide in the cooler. Small quantities of sulphur 
were ncticed in the later stages. 

Owing to the volatility of lead sulphide and oxide, no concordant 
quantitative results could be obtained. 

Apparently the primary reaction is a reduction of the sulphur 
dioxide on some such lines as: 


(I) 8PbO + 1280, =2PbS + 6PbSO,. 
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These products probably interact in the well known way; 

(II) 2PbS + 2PbSO,=4Pb + 4S0,, 
although no evidence was obtained of the presence of free lead 
either in the black product in the boat or in the black sublimate. 
It may react thus: 

(III) 4Pb+ PbSO,=PbS + 4PbO, 


the oxide then reacting as in (I). (Lead sulphate stirred into some 
molten lead was found to yield sulphide.) 

The traces of free sulphur and sulphur trioxide noticed may be 
produced by the action of lead on the sulphur dioxide (compare Uhl, 
Ber., 1890, 23, 2151): 

(IV) Pb+6SO,=PbS + 480, +8. 


Copper Oxide. 


Cupric oxide, when heated in sulphur dioxide, reacts before 
visible redness with evolution of heat and light. A brick-red, 
powdery mass remains on cooling, which contains cuprous oxide 
and cupric sulphate (compare Keppeler, Joc. cit.). On extraction 
with water, pure cuprous oxide is obtained in a very stable form; 
the reaction thus furnishes a rapid and simple method for prepar- 
ing the lower oxide of copper.* When the mass is not allowed to 
fuse, which is best ensured by heating the oxide nearest to the 
source of sulphur dioxide until visible reaction occurs, and then 
following the zone of reaction with the flame so as to keep the 
interaction “bright,” the following equation is quantitatively 
followed : 

3CuO + SO, =Cu,0 + CuSO,. 

Thus, as the mean of five experiments, 100 parts of cupric oxide 
gave 126°75 parts of product. The equation requires 126°8 parts. 

2°7236 Grams of the product were extracted with water and the 
cuprous oxide was collected and weighed as cupric oxide (1'4264 
grams). The copper sulphate in the filtrate was converted into 
cupric oxide (0°7079 gram). These data gave: Cu,0=47'16 and 
CuSO,=52°7. Calce., Cu,JO=47'3; CuSO,=52°7 per cent. 

If after visible reaction has ceased the mixture of cuprous oxide 
and copper sulphate is heated to dull redness in sulphur dioxide, 
the mass fuses and a further absorption occurs. Thus, an increase 
in weight of 40 per cent. was noticed after heating a specimen 
of copper oxide to dull redness for twenty minutes after visible 
reaction had ceased. On continuing the heating, sulphur trioxide 


* If the cupric oxide is very finely divided, or the reaction conducted 
at too high a temperature, a fused mass is obtained, in ‘which case the 
copper sulphate cannot readily be washed out, 
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is steadily evolved and a dark red mass of fused cuprous oxide is 
obtained. It seems to be a matter of some difficulty to transform 
the mixture of cuprous oxide and sulphate entirely into cuprous 
oxide. Thus 0°5522 gram and 1°2263 grams of cupric oxide gave, 
after sixty and seventy-two hours respectively at red heat, the last 
twelve hours in each case producing no change in mass, 0°5043 gram 
aud 1°1244 grams of residue. These quantities are 91°3 and 
97 per cent. respectively of the quantities of cupric oxide taken. 
90u0 —> Cu,O requires 90 per cent. On heating these products in 
a current of hydrogen, traces of sulphide were detected in the 
resulting copper, which points to the persistence of sulphate in the 
fused mass. 

During the prolonged heating of cupric oxide in the sulphur 
dioxide stream, the inside of the silica tube becomes coated with a 
very thin film of some volatilised copper compound. Its presence 
isnot observable until either air or hydrogen is passed through the 
heated tube, whereon a visible film of cupric oxide or a copper 
nirror is produced. This phenomenon is being investigated. 

The further increase in weight that occurs after the stage, 
Cu,0+CuSO,, has been reached may be due to the occlusion of 
silphur trioxide, produced by the decomposition of copper 
sulphate, in the semi-fused mass, the copper oxide formed reacting 


normally with sulphur dioxide. There is also the possibility that 
an acid sulphate, such as CuS,0O,, may be formed between the 
copper sulphate and some free sulphur trioxide. Experiment 
showed, however, that anhydrous copper sulphate loses weight 
steadily when heated in sulphur dioxide, which points to the 


” 


cooperation of the cuprous oxide in causing the “ excess” absorp- 
tion, and suggests the possible formation of some kind of basic 
cuproso-cupric sulphate. 

The above anomalous behaviour, and certain peculiarities 
observed during the slow hydration of the product Cu,0 + CuSO, 
that appear to indicate that these two substances are not merely 
mixed together, are being further investigated. 


Bismuth Oxide, Bi,Qs. 


The oxide was prepared by the ignition of recrystallised nitrate 
and shown to be practically pure by quantitative reduction in 
hydrogen. 

On heating in sulphur dioxide, reaction occurs below visible 
redness, a dark grey or black powder being produced after a few 
minutes’ heating. On prolonged heating this powder becomes 
white and crystalline, small quantities of sulphur trioxide being 


Q* 
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produced. A white deposit sublimes on to the walls of the tube, ¢ 
black film appearing on the parts of the tube farthest away from 
the source of heat. 

The dark grey powder first formed contains sulphate, but no 
sulphide. On treatment with hydrochloric acid, a black powde 
remains. This powder, after washing and drying, was heated in ap 
atmosphere of carbon dioxide, whereon it melted, and globules of 
metallic bismuth were obtained. The black component of the grey 
powder is thus probably bismuthous oxide, BiO, which reacts with 
hydrochloric acid, thus: 

3Bi0 + 6HCl = 2BiCl, + Bi+3H,0, 
although free bismuth may be present. Uhl (see p. 384) has 
shown that bismuth does not react with sulphur dioxide ; but in the 
present case any free bismuth would be in the presence of bismuth 
oxide, Bi,O;, with which it would probably yield bismuthous oxide, 
BiO. This oxide has been shown to react with sulphur dioxide (se 
below). 

The composition of the white powder obtained after prolonged 
heating corresponds with the formula 4Bi,0;,3SO;. Thus, 1°6877 
Bi,O, gave, after heating for eight hours at dull redness, 1°858 
product (some loss due to sublimation occurred), which represents 
an increase of 10°2 per cent. 4Bi,O,;—> 4Bi,0,,3S80, requires 
12°9 per cent. 

The above specimen gave the following results on analysis: 

1°8588 gave 0°5678 BaSO,. SO,=11°6 per cent. 

A second specimen was prepared by heating some bismuth oxide 
to bright redness for sixty hours in the gas, much loss by sublima- 
tion occurring. The product gave the following result on analysis: 

1°2880 gave 0°4163 BaSO,. SO,=11°1. 

4Bi,03,38O, requires SO,=11°4 per cent. 

The bismuth in this specimen (1°2880 grams) was weighed a 
Bi,O;; 1°1460 grams were obtained, or 88°9 per cent. 

4Bi,O,,3SO, requires 88°6 per cent. 

A basic sulphate having the composition 4Bi,05,3S03,15H,0 has 
been described by Leist (Annalen, 1871, 160, 29). The anhydrous 
substance, 4Bi,0,3SO,, is insoluble in water, and does not react 
with dilute sulphuric acid. It is soluble in hydrochlore and nitre 
acids, and on ignition yelds bismuth oxide. 

The substahce described as bismuthous oxide, BiO, was prepared 
as recommended by Schneider (J. pr. Chem., 1899, [ii, 60, 524). 
On prolonged heating in sulphur dioxide the basic sulphate, 
4Bi,03,3805, was obtained. Thus 0°3003 gram of the white product 
obtained after heating black bismuthous oxide in sulphur dioxide 
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jor twenty-four hours gave 0°0965 BaSO,; SO,=11°0. Calc., 
§0,=11'4 per cent. : 

During the reaction considerable sublimation took place, a black 
flm coating the tube near the flame and a reddish-brown deposit 
forming on the cooler portions. (This reddish-brown deposit was 
noticed in small quantities during the reaction between bismuth 
wide, Bi,O,, and sulphur dioxide.) When the flame was moved 
o as to heat the black film, the latter became white and contained 
ailphate. The same change occurred with the brown film, which, 
however, first became black and then white. This blackening of the 
brown film occurred on heating in air, hydrogen, or carbon 
dioxide. With hydrogen, water was formed. 


has 

1 the From these observations it would seem that bismuthous oxide is 
nuth My wlatile in sulphur dioxide. Also the properties of the reddish- 
cide brown film suggest that it may consist of a lower bismuth oxide or, 


possibly, of a hitherto undescribed form of bismuthous oxide. It is 
hoped to obtain the substance in quantity sufficient for analysis. 

The behaviour of bismuthous oxide possibly throws light on the 
wigin of the sublimate produced when bismuth oxide, Bi,Os, is 
heated in sulphur dioxide. 

The facts regarding the reactions of the two bismuth oxides 
studied may be summarised as follows: 

(I) Bismuth oxide, Bi,O;, yields first a black powder, which 
contains sulphate and gives bismuth on treatment with hydrochloric 
acid; it is a mixture of a bismuth sulphate with either bismuthous 
oxide, BiO, free bismuth, or both oxide and bismuth. 

(II) Bismuthous oxide, BiO, gives a reddish-brown sublimate 
(as does bismuth oxide to a much less extent), which blackens on 
heating, contains oxygen, and may be bismuthous oxide, BiO, a 
lower oxide, free bismuth, or a mixture. 

(III) Both oxides ultimately yield a basic sulphate, 4Bi,03,3SOx. 

(IV) No sulphide or free sulphur, and only traces of sulphur 
trioxide could be detected in any case. 

The nature of the reactions that lead to the formation of the 
same basic sulphate with the two bismuth oxides is rather obscure. 
With bismuth oxide, Bi,O,, the oxidation of the sulphur dioxide 
that occurs may involve reduction to bismuthous oxide: 

7Bi,O, + 380, = 6BiO + 4Bi,03,3SO3. 

The conversion of the lower oxide into the basic sulphate would 
seem to necessitate a reduction of the sulphur dioxide, although no 
sulphide or sulphur can be detected, as in the other cases of reduc- 
tion (compare SnO, MnO, FeO). Probably the bismuthous oxide 
Teacts as Bi,Bi,O, (or possibly Bi,BiO,) ; further than that it is not 
Possible to go in the absence of more data. 


Q* 2 
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Mercuric Oxide. 


Mercuric oxide reacts when heated in sulphur dioxide, producing 
mercuric and mercurous sulphates, free mercury, and sulphur 
trioxide. Owing to the volatility of the materials concerned, no 
quantitative examination of the reaction was made. Apparently 
it follows some such course as is indicated by the equations: 


(I) 4HgO + 280, =2Hg + 2HgS0,. 
(II) 4HgSO, + 380, =2Hg + Hg,SO, + 680, 


The intermediate formation of mercurous oxide is, of course, a 
possibility. 

The interaction of sulphur dioxide and other oxides is being 
examined. The present preliminary survey, however, of the 
behaviour of some common and typical oxides makes it possible to 
distinguish two distinct types of reaction. We may class copper 
oxide, CuO, bismuth oxide, Bi,O,, mercuric oxide, HgO, and man- 
ganese dioxide with lead peroxide, and regard them primarily as 
oxidising sulphur dioxide when heated in it, although the reaction 
certainly does not follow the same course with each of the five 
oxides named. Thus, lead peroxide and sulphur dioxide apparently 
unite directly to give sulphate: 


PbO, + so, = PbSO,, 


whereas manganese dioxide, although ultimately yielding mar- 
ganese sulphate, does so indirectly. Copper and bismuth oxides 
resemble one another, if it be granted that bismuthous oxide is 
produced from the latter. Thus in the case of copper oxide we 
have first an oxidation of the sulphur oxide: 


2Cu0 + So, = Cu,O0 4- SO,, 


followed presumably by direct union between the sulphur trioxide 
and more metal oxide: 


CuO + SO,=CuSO,. 


The other oxides dealt with (SnO, PbO, FeO, MnO) gave results 
that bring them into line with the alkaline earth oxides (compart 
Birbaum and Wittich, and Schott, loc. cit.). The latter oxides yield 
first sulphites and ultimately sulphides and sulphates at higher 
temperatures. With the oxides dealt with in the present coi 
munication, no indication of the formation of sulphite has yet beet 
obtained ; nevertheless, the production of sulphide and sulphate 
although sometimes accompanied by free sulphur and sulphur ad 
oxide, makes it probable that intermediate formation of sulphite 
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joes occur. Whatever the first step may be, however, the nature 
if the products found after visible reaction with the second group 
oxides (SnO, PbO, FeO, MnO) clearly indicate a reduction of 
the sulphur dioxide. 

(CHEMICAL LABORATORY, 
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\XXII.— Studies in Catalysis. Part VI. The Mutual 
Influence of two Reactions Proceeding in the 
Same Medium. 


By Ropert Owen GrirritH, ALFRED LAMBLE, and 
Witiiam Cupmore McCuttacH LeEwIs. 


Tut two reactions considered are the inversion of sucrose and the 
iydrolysis of methyl acetate. The inversion of sucrose was carried 
ot in presence of varying amounts of methyl acetate, hydrochloric 
acid being employed as the catalyst. Similarly, the rate of hydro- 
sis of methyl acetate was measured in the presence of varying 


amounts of sucrose, trichloroacetic acid being the catalyst. The 
object of the investigation was to find whether any mutual or 
reciprocal effects manifested themselves. 

The same reactions, proceeding simultaneously, have been 
«amined by V. Henri and J. Larguier des Bancels (Compt. rend., 
1901, 58, 784), who were unable to detect any modification in the 
tate of either reaction. Crocker (T., 1915, 107, 1762, and private 
‘mmunication) also observed no reciprocal action when formamide 
Is hydrolysed by hydrochloric acid in presence of sucrose, the sucrose 
being employed as a convenient means of determining indirectly 
the rate of hydrolysis. On the other hand, Coppadoro (Gazzetta, 
1901, $1, i, 425) found that the presence of methyl acetate de- 
pressed the rate of inversion of sucrose, whilst addition of sucrose 
apparently had no effect on the rate of hydrolysis of the ester. The 
addition of the reciprocal substance in each case involved the 
temoval of a corresponding quantity of water. In view of the 
known negative catalytic effect of water (compare Griffith and 
Lewis, T., 1916, 109, 67), any decrease in its concentration would 
be expected to raise the speed of the reaction. It is evident there- 
fore that Coppadoro’s results leave the question of the possible 
mutual effect still open. The present investigation was undertaken 
partly on this account. 
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Ex PERIMENTAL. 
The Effect of Sucrose on the Hydrolysis of Methyl Acetate. 


Trichloroacetic acid was employed as the catalyst, its concentra. 
tion in the reaction mixture being decinormal, and the temperature 
of measurement 35°. Two c.c. of pure methyl acetate were dis 
solved in conductivity water, the catalyst added, and the solution 
made up to 100 c.c. The ordinary unimolecular velocity constant 
was determined in the usual way, the mean value being 
1572 x 10-%. A similar solution (100 c.c. in volume) was prepared, 
and 8 grams of pure sucrose added, the final volume being 105 eg, 
Each solution contains the same mass of water, but the volume con- 
centration of each constituent is less in the second case. In the 
presence of sucrose the mean velocity constant is 1°602x 10-3, a 
value slightly greater than that obtained in the previous case. The 
velocity constants, however, are not directly comparable. In the 
first place, the catalysing acid has been diluted in the ratio of 
105:100. Further, although the mass of the water is the same, its 
volume concentration is less in the second case, so that its stoicheio- 
metric effect is diminished. The simplest mode of correction is to 
consider that the concentration of the water in the second case is 
less than that in the first in the ratio of 100:105. The velocity 
constant in presence of sucrose, when corrected for the dilution of 
the catalyst and the dilution of the water, becomes 1°766 x 10-8. A 
still more important correction has to be made, namely, that for 
the anticatalytic effect of the water, which likewise depends on its 
concentration. This acts in the opposite sense to the two previous 
corrections. Employing the data of Griffith and Lewis (loc. cit.) 
which were obtained at 25°, it was calculated that the decrease in 
the concentration of water should raise the velocity constant by 
13 per cent., so that the velocity constant in presence of the sucrose 
should be diminished by that amount, to make it comparable with 
the first experiment. The final corrected value is 1°53 x 10-8. This 
is somewhat less than that obtained in the absence of sucrose. In 
other words, sucrose is apparently a feeble negative catalyst for the 
reaction. 

These various corrections, however, render the final conclusion 
somewhat doubtful. The following experiment was therefore 
carried out. Two c.c. of methyl acetate were dissolved in water, 
the catalyst added in exactly the same amount as in the case” 
which sucrose was present, the solution made up to 100 c.. with 
water, and further ester added until the final volume reac 
105 ¢.c. Under these conditions not only the mass, but likewise the 
volume concentration of the water, is the same as that in the expe 
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ment quoted, in which sucrose was present. The concentration of 
the catalysing acid is also the same in the two cases. The resulting 
wlocity constant is 1‘'77x10-%. This is directly comparable with 
the velocity constant 1°60x 10-5, obtained in presence of the 
uerose. The conclusion to be drawn is that sucrose acts as a 
negative catalyst with respect to the hydrolysis of the ester, the 
velocity constant of hydrolysis being depressed by 10 per cent., when 
the concentration of sucrose is 7°6 grams in 100 c.c. 

Several experiments were also carried out at 35° to show that on 
displacement of the water by the sucrose, or even by the ester 
itself, the velocity constant thereby increased. The results are given 
in the following table, & being the ordinary ,unimolecular constant, 
aleulated to the base e. 


Hydrolysis of Methyl Acetate at 35° by N/10-Hydrochloric Acid. 
Total volume of solution=50 c.c. 


Ester in Water in Sucrose in 
Expt. No. c.c. grams. grams. k. 
48-93 0 0-001680 
47-97 0-001712 
45-90 0-001869 
42-82 0-002119 
44-90 0-001926 


With addition of sucrose, and consequent displacement of water, 
the velocity constant steadily increases. That is, the negative cata- 
lytic effect of the sucrose is negligible compared with the negative 
eect of the water. Had both effects been of the same order of 
magnitude, addition of sucrose in the above manner would have been 
expected to give rise to a minimum value of the velocity constant 
at a certain concentration of sucrose and water. This effect has 
been discovered in the converse case, namely, the inversion of 
sucrose in presence of methyl acetate, as described in the next 
section. 


The Effect of Methyl Acetate on the Rate of Inversion of Sucrose. 


The velocity constant of inversion at 35° was determined by the 
polarimeter method, using in the first series of experiments 
¥/10-hydrochloric acid, and in the second, V/2-acid, in presence of 
1, 2,5, and 10 cc. of methyl acetate in 50 c.c. of solution. The 
velocity constant, k, is to the base e. The symbol W stands for 
the number of gram-mols. of water present per litre of solution. 
k/W is the velocity constant referred to constant conceutration of 
water. The value of the initial reading of the polarimeter, when 
t=0, is obtained by the method employed in Part II. (T., 1915, 
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107, 237). The presence of the ester introduced no special diff. The 
culty into the readings themselves. In the case in which the cop. the fir 
centration of ester is small, the same end-point is obtained ag jp hydroc 
the case of sucrose in water alone. When, however, the concep. 90 per 
tration of ester becomes considerable, for example, when 5—10 ¢¢, The sa 
of ester are present in 50 c.c. of solution, the solvent itself changes final ¢ 
during the course of the experiment owing to the hydrolysis of the sucrose 
ester, and this affects the angle of rotation. was 4 
In the table quoted below, as illustrating the order of accuracy was al 
of the measurements, the necessary correction is made in the column 50 ¢.c. 
headed “a (corr.).”” The mode of correction is as follows. Ina all cas 
particular case, in which 10 c.c. of ester were present, the final vere | 
rotation, a, for the given invert-sugar content should have been The 
—9°00°, but in presence of the partly hydrolysed ester the final stants 
reading was —8°07°. The reading at zero time contains no error 
due to hydrolysis. The final reading is in error by the amount 
0°93°. It was assumed that the error could be expressed with 
sufficient accuracy as a linear function of the time. A graph was 
therefore constructed, from which the necessary correction at any 
time could be read off.* 


Ten per cent. Sucrose Solution containing 10 c.c. of Methyl Acetate 


in 50 c.c. Temp., 35°. Catalyst, 0°'1N-Hydrochloric Acid, 


k. 


0-004200 
14-53 ° 0-004053 
13-02 2: , 0-004195 
11-82 . 0-004136 
10-73 . 0-004074 
10-04 . 0-004055 
8-25 . 0-004127 
7-08 . 0-004126 
5-76 > 0-004207 
4-92 . 0-004084 
4-11 . 0-004210 
3-54 . 0-004237 
—8-07 am 
0-004140 
The mean value of a duplicate experiment was 0-004149 
Hence the mean of both is 0-004145 


——— —_ = —_—<——_[$_ 


* The justification for the above procedure rests on the following experi- 
ments. A solution containing 10 per cent. of sucrose (without catalyst) 
showed a rotation of 23-55°. A second solution, also containing 10 per cent. 
of sucrose and 10 c.c. of methyl acetate in 50 c.c. and without catalyst, 
showed a rotation of 23-51°, indicating that the unhydrolysed ester has 4 
negligible influence on the rotation. In the velocity measurements them- 
selves, the final reading is necessarily made in presence of an equilibrium 
mixture of ester, alcohol, and acid. In water alone, the final reading for 10 
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The solutions employed were prepared in the following way. In 
the first case, in which no ester was present, a certain amount of 
hydrochloric acid solution was mixed with a given quantity of 
30 per cent. solution of sucrose, and the whole made up to 50 c.c. 
The same stock solution was employed throughout the series. The 
jnal composition of the solution which did not contain ester was: 
sucrose, 10 per cent.+0°1N-hydrochloric acid. The mass of water 
was 46°81 grams or 52°01 mols. per litre. When methyl acetate 
yas also present, less water was required to make the mixture up to 
30 c.c., the volume of water being measured from a burette. In 
all cases the masses of the varying constituents, ester and water, 
vere known. 

The following table gives a summary of the mean velocity con- 
stants obtained : 


Summarising Table. 
Ten per cent. Solutions of Sucrose. 0°1N-Hydrochloric Acid. 


Concentration of W=gram-mols. 
methyl acetate. water per litre. 
No. of c.c. Mols. (Molecular weight 
inide.c.of per of water taken as k/W ./(H,0), & corr. 
solution. litre. 18.) k. x 105. perlitre. x 104. 
0-0 52-01 0:00355 6-82 5-099 6-96 
0-258 50-90 0-00354 6-95 5-046 7-01 
0-516 49-84 0-00343 6-88 4-992 6-87 
1-29 46-98 0-00372 7-92 4-848 7-68 
2-58 41-81 0-00414 9-91 4-573 9-06 


Ten per cent. Solutions of Sucrose. 0°5N-Hydrochloric Acid, 


Concentration of W=gram-mols. ki/W 4+/(H,0), &corr. 
methyl acetate. of water per litre.  k. x 104. perlitre. x 10°. 
51-44 0:02127 4-13 5-071 4-19 
50-55 0-02093 4-14 5-028 4-16 
49-50 0-02127 4-30 4-975 4-28 
{ 46-28 0-02307 4-99 4-810 4-80 
10 . 41-00 0-02564 6-25 4-528 5-66 


The inversion of sucrose being a bimolecular reaction, the ob- 
served velocity constants, k, are not directly comparable. In order 
to introduce the necessary stoicheiometric correction for the water 
content, two modes of calculation have been adopted. In the first, 
the water has been treated as though it consisted entirely of simple 
molecules, thereby giving the quantity */W. In the second, the 
water has been considered as existing practically entirely in the 
Per cent. sucrose is —9-Q%- Fifty c.c. of this solution were concentrated to 
about 40 ¢.c. and rediluted. The same rotation was observed. A second 
solution (50 c.c.) was concentrated to 40 c.c., and then diluted with an 
equilibrium mixture of ester, alcohol, and acid. The reading was —8-06°, 
which agrees well with the final value, —8-07°, obtained in the experiment 
quoted in the table. This indicates that the change in the end-point from 
—9-00° to —8-07° is due to the presence of the hydrolysed ester. 


394 GRIFFITH, LAMBLE, AND LEWIS: 


double molecular form. The concentration of single molecules 
which are assumed to take part in the reaction, is thus proportional 
to the square root of the concentration of the polymeride. Thess 
quantities are given in the column headed ./(H,O).. By dividing 
the observed velocity constant & by this expression, we obtain the 
quantity denoted by & corr. Neither mode of correction can be 
exact, but they exhibit the limits of what the true correction would 
be. It will be observed that, using the values of k/IW, the mini- 
mum persists with the more dilute acid, but has just vanished with 
the more concentrated. Using the & corr. values, the minimum 
persists with both concentrations of acid. We may conclude, there. 
fore, that the minimum has a real existence, as was anticipated on 
the basis of the considerations discussed earlier in the paper. 


Discussion of Results. 


Sucrose and methyl acetate have been shown to exert a mutual 
effect on one another in the sense that each functions as a weak 
negative catalyst with respect to the other. The most obvious 
explanation of this effect is to attribute it to a distribution of the 
catalyst, hydrions, between the two substances. It is generally 
assumed that in catalytic reactions of this type complex ions are 
produced, which in their simplest form would be represented by 
(H,O, ester, H+) and (H,O, sucrose, H+). Unpublished results, 
obtained in this laboratory, support the conclusion regarding the 
formation of a complex sucrose—hydrogen ion. On addition of 
sucrose to the methyl] acetate system, there would be a tendency for 
a certain amount of the complex ester ion to diminish in order to 
allow of the formation of the complex sucrose ion, and consequently 
the rate uf hydrolysis would be diminished. Although this view is 
attractive, it is doubtful whether it is adequate. Its adequacy 
depends essentially on the existence of a sensible amount of complex 
ion in any single case, as otherwise the equilibrium conditions, say, 
of the reaction (ester, H,O)+H+ = complex ion would not be 
influenced by addition of sucrose. The equilibrium conditions 
would be represented by: 

K x E(H -e)=e, 
where F and H represent the concentrations of the simple additive 
compound and hydrogen ion respectively, had no complex ion been 
formed, and e is the concentration of the complex ion. 7 is sup- 
posed, for the sake of simplicity, to be large compared with ¢. The 
rate of hydrolysis is then given by: 

dx/dt=ke=kK(E—<x)(H —e), 

and therefore, 

k =kK(H-e). 
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The quantity e is, however, not independent of time. As the reac- 
tion proceeds, e diminishes, and therefore (H —¢) increases. The 
observed velocity constant should therefore increase with time. 
This is in disagreement with experiment. The constancy of k,. 
necessitates similar constancy in the term (H-—e). We conclude, 
therefore, that e is negligibly small compared with the total concen- 
tration of the hydrions. The fact that the velocity constant is also 
independent of the concentration of the ester points to the small 
value of the complex ion. If, however, the hydrion concentration 
remains sensibly constant under these conditions, it cannot be 
appreciably affected by addition of sucrose, for the same reasons. 
One may conclude, therefore, that the possible distribution of the 
catalyst between the catalysable substances is not the cause of the 
mutual effect observed. Several possibilities present themselves, but 
it is not possible at the present time to draw a definite conclusion. 

The existence of the miniraum velocity constant, which Coppadoro 
failed to detect, is due to the opposing effect introduced by the 
decrease in the concentration of the water. It has already been 
shown that water exercises a marked negative catalytic effect, prob- 
ably due to its high dissociating power. As the water is displaced 
from the system, its concentration falls, and with its concentration 
its dissociating influence on the ester-water complex, which takes 
part in the reaction. This complex therefore exists at a higher 
concentration when some of the water is removed, and consequently 
the velocity constant is increased. 

It is evident from the results obtained in the case of these two 
reactions that the mutual effect is small and is easily masked by the 
much greater effect introduced as a result of the elimination of 
water. The latter is a factor which has been too generally 
overlooked. 

Summary. 


The inversion of sucrose has been observed in presence of methyl 
acetate, which was being hydrolysed at the same time. The pres- 
ence of the ester diminishes slightly the rate of inversion of the 
sucrose. The velocity constants pass through a minimum value, due 
to the decrease in the negative catalytic effect of the water which 
is displaced as the ester is added. 

It was also found that the presence of sucrose diminished the 
velocity of hydrolysis of the ester. No minimum was observed in 
this case owing to its presence being masked by the greater effect 
produced by the removal of the water. 


Muspratr LABORATORY OF PHYSICAL AND ELECTRO-CHEMISTRY, 
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XXXIII.—The Properties and Constitution of some 
New Basic Salts of Zirconium. 


By Ernest Harry Ropp. 


Or the commoner salts of zirconium there is but one, the oxy- 
chloride, which can in any sense be called a well-crystallised, well- 
defined salt. On this account it is the one salt available for the 
final purification of zirconia and for the preparation of pure 
zirconium compounds. Although chemists have been acquainted 
with it for a long time, some doubt persisted regarding its degree 
of hydration until Chauvenet (Compt. rend., 1912, 154, 821) estab- 
lished it definitely as ZrOCl,,8H,O, whether it be crystallised from 
water or from hydrochloric acid. The compound with 9H,0, which 
other observers claimed to have obtained, was found to be non- 
existent. Chauvenet at the same time established the existence of 
other hydrates, with 6, 3°5, and 2H,O. Further, by heating the 
dihydrate first in a current of hydrogen chloride and later at 230°, 
he prepared a more basic oxychloride, to which he ascribed the 
formula ZrOCl,,ZrO, (ibid., 1234). What appears to be a hydrated 
form of the last compound was prepared by Endemann (J. pr. 
Chem., 1875, [ii], 11, 219) by precipitating a warm alcoholic solu- 
tion of the common oxychloride with ether. He ascribed to the 
precipitate so produced the composition 2Zr,0,Cl,,15H,O. Later 
Rosenheim and Frank repeated Endemann’s experiment (Ber. 
1907, 40, 803) and obtained a similar salt, Zr,O,Cl,,5H,O, contain- 
ing, however, a smaller proportion of water. 

In the present communication an oxychloride of zirconium of 4 
new type is described, which is probably typical of a whole class of 
basic salts, since from it a basic sulphate of corresponding composi- 
tion can be prepared. Further, a new modification of zirconium 
hydroxide has been discovered, characteristic of the new basic salts, 
the existence of wnich affords a clue to the constitution of the salts 
and suggests an explanation of the frequently inexplicable 
behaviotr of zirconium salts in solution. 


A New Basie Zirconium Sulphate. 


When a dilute solution of zirconium sulphate, prepared from 
native zirconia, xontaining as impurities iron, manganese, alumin- 
ium, titanium, etc., was partly neutralised with ammonia, most of 
the zirconium was precipitated in the form of a basic sulphate. 
The precipitate is of variable composition, and probably, as the 
sequel will show, is a mixture of basic salts of different constitu 


SOME NEW BASIC SALTS OF ZIRCONIUM. 397 


tins. The varying composition can be seen from the following 
typical analyses of samples dried at 100°: 


5 II. IIl. 
63-23 69-26 per cent. 
12-49 11-56 10-04 99 
The composition of the precipitate was found to depend on the 
dilution of the solution, the degree of acidity at the time of precipi- 
tation, and probably on the previous history of the solution, as 
will appear later. The higher the degree of acidity of the solution 
the less basic is the precipitated sulphate. In one experiment 
ammonia was added to the zirconium sulphate solution until a per- 
manent precipitate was just formed. This was filtered off, and a 
second precipitate was obtained by further addition of ammonia. 
The compositions of the two precipitates are given under I. 


II. 
66-00 per cent. 
9-84 99 

The earlier precipitate contains more sulphuric acid than the 
later. 

The basic sulphate is soluble in concentrated sulphuric acid ; 
insoluble in hydrochloric acid. It is readily decomposed by aqueous 
ammonia in the cold, giving a hydroxide readily soluble in acids. 
The hydroxide thus prepared is in a curdy, readily filterable 
condition. 


The Preparation of 5:4 Basie Zirconium Chloride. 


The zirconium oxychloride prepared from this hydroxide by 
erystallising its hydrochloric acid solution was found not to be a 
uniform substance. On analysis it was found to be richer in 
zirconia and poorer in chlorine than the normal oxychloride, 
ZrOCl,,8H,O. It was also noticed that, on recrystallising from 
hydrochloric acid, the crystals first separating consisted of a mass 
of tiny plates, followed when the solution became cooler by the long 
needles of the familiar oxychloride. By suitably regulating the 
concentration of the solution, it was possible to obtain the crystals 
of the salt first separating in a state of purity. It proved on exam- 
ination to be a new basic zirconium chloride, quite different from 
anything described heretcfore. 


Properties and Composition of the New Salt. 


In appearance the new salt is very distinct from the oxychloride, 
Zr0C!,,8H,0. Whilst the latter crystallises from water or hydro- 
chloric acid solution in long, shining needles, the new salt forms 
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minute plates or prisms. The two salts can be distinguished unde 
the microscope, when crystallised together, with the greatest ease, 
On filtration, the minute crystals of the new salt cohere together 
and form a viscid, plastic mass. This behaviour is very character. 
istic. The salt can be recrystallised from hydrochloric acid solution 
almost entirely unchanged. The mother liquor, however, generally 
yields a small quantity of crystals of the oxychloride, ZrOC1,,8H,0, 
It is sparingly soluble in alcohol, but does not crystallise readily 
from aqueous alcoholic solutions. 

A large number of analyses of the new salt. were made, zirconium 
and chlorine being determined in many carefully crystallised 
samples to establish the atomic ratio. The following results are 


I. II. Ill. Iv. V. VI. Mean. 
40-34 40-01 40-46 40-62 40-37 40-40 40-36 per cent. 
12-60 12-93 12-76 12-76 12-66 12-72 12-74  ,, 

For comparison, the figures for the normal salt, ZrOCl,,8H,0, 
are: Zr=28°35; Cl=22°12 per cent. . The more basic character of 
the new sslt is obvious. Calculating the atomic proportions of 
zirconium and chlorine from the above means, we find Cl:Zr= 
4:4°992, a very close approximation to the ratio 4:5. 

The salt loses the whole of its water of crystallisation slowly at 
190—200°. The water found was 35°33 per cent. The remaining 
11°57 per cent. must be oxygen. The simplest formula to express 
these figures is Zr,O,Cl,,22H,0. 

Found: Zr=40°36; Cl=12'74; O=11°57; H,O=35°33. 

Zr;0,Cl,,22H,O requires Zr=40°32 ; Cl=12°73; O=11°47; 
H,O=35°48 per cent. 

The first sixteen molecules of water are given off readily below 
150°. The remaining six molecular proportions are much more 
firmly held, and pass off slowly at 200°. The residue, after dehy- 
dration, is insoluble in water or acids. 

With regard to the conditions favourable to the production of 
tnis salt, it appears that it is only produced from the zirconium 
hydroxide formed by the action of ammonia on the insoluble basic 
sulphate described above. If the hydroxide is precipitated from 
zirconium sulphate solution, none of the new salt appears to be 
produced when it is dissolved in hydrochloric acid. 

On account of the atomic ratio of zirconium to chlorine, this 
salt has been named, for convenience, 5:4 basic zirconium chloride. 


Chemical Behaviour of 5:4 Basic Zirconium Chloride. 


In many respects an aqueous solution of the new salt resembles 
a freshly prepared solution of the oxychloride, ZrOC1,,8H,0. Thus 
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with oxalic acid or ammonium oxalate, it gives a precipitate soluble 
in excess of the precipitant; the same with ammonium carbonate. 
It also gives a gelatinous precipitate with excess of hydrogen per- 
oxide. There is, however, one very important difference. Whilst a 
freshly prepared solution of normal zirconium oxychloride gives no 
precipitate with sulphuric acid or sulphates generally (with the 
exception of potassium sulphate, which forms an insoluble double 
salt with zirconium sulphate), the 5:4 chloride forms with any 
soluble sulphate a curdy, white precipitate. The precipitate is a 
basic sulphate, and apparently has the same composition whatever 
sulphate he used as precipitant. If a metallic sulphate is used, for 
example, ammonium sulphate or magnesium sulphate, the precipi- 
tate first formed redissolves until about half the equivalent quan- 
tity of sulphate has been added. With a quantity of sulphate 
equivalent to the chlorine in the basic chloride, the zirconium 
appears to be completely precipitated. The basic sulphate again 
redissolves in excess of the precipitant. In the case of sulphuric 
acid the precipitate becomes permanent with a few drops of acid ; 
it redissolves, however, in a large excess. 


5:2 Basic Zirconium Sulphate. 


The basic sulphate prepared from the 5:4 basic chloride has a 
composition analogous to that of the latter, two chlorine equiva- 
lents being displaced by one SO, group. Of the analyses quoted 
in the following table, the first two relate to samples precipitated 
by sulphuric acid, the third by ammonium sulphate. The analyses 
were made on air-dried samples, the water content of which was 
apparently not quite constant. The important point, however, is 
the ratio ZrO, : SOx. 

ZrO,. SO . ZrO, : SO . 
Per cent. Per cent 
15-09 5 : 2-043 
15-15 5 : 2-066 
15-68 5 ; 2-002 

In each case there is slight excess of sulphuric acid, but the ratio 
Zr, : SO, is so close to 5:2 as to leave no doubt that the compound 
is a true chemical individual, the anhydrous form of which can be 
represented by the formula 5ZrO,,2SO, or Zr;0,(SO,)o. 

The figures for the third analysis correspond exactly with the 
composition Zr,O,(SO,).,14H,O, but there is no evidence to show 
that this is a true hydrate. 

Found: ZrO, =59°73; SO,=15°68. 

2r,0,(SO,).,14H,O requires ZrO, =59°69 ; SO,= 15°65 per cent. 
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A New Hydroxide of Zirconium. 


When an aqueous solution of 5:4 basic zirconium chloride is 
precipitated with ammonia, a hydroxide is formed which is chemi. 
cally distinct from the normal hydroxide precipitated by ammonia 
from a solution of zirconium sulphate or normal zirconium oxy- 
chloride. When the new hydroxide is dissolved in hydrochloric 
acid and the solution is crystallised, it deposits again the 5:4 salt, 
The hydroxide apparently, therefore, contains the same zirconia 
complex as the 5:4 chloride, and is probably of the form 
Zr;0,(OH),. The same hydroxide is produced by suspending the 
5:2 sulphate in aqueous ammonia. The product, after being washed 
free from ammonium sulphate, dissolves readily in hydrochloric 
acid, and the solution deposits the 5:4 basic chloride when crystal- 
lised. 

This hydroxide is therefore quite distinct from normal zirconium 
hydroxide which, when dissolved in hydrochloric acid, forms a solv- 
tion of the oxychloride, ZrOCl,. There is evidence, however, that 
the new hydroxide undergoes some measure of decomposition when 
dissolved in hydrochloric acid, as the last crystals deposited from 
such a solution contain the salt ZrOCl,,8H,O. 

By solution in sulphuric acid the hydroxide is completely decom- 
posed. A normal solution of zirconium sulphate is produced, the 
hydroxide from which is capable of forming only the oxychloride, 
ZrOCl,, when dissolved in hydrochloric acid. 

The Relation between 5:4 Basie Zirconium Chloride and the 

Oxychloride, ZrOCl,,8H,O. 


An empirical formula having been established for the new basic 
chloride, the 5:4 chloride, and for the related basic sulphate, the 
5:2 sulphate, we will now inquire into the relationship between the 
normal oxychloride, ZrOCl,,8H,O, and the 5:4 salt. 

The properties of zirconium oxychloride (ZrOCI,,8H,O) in solw- 
tion have already been carefully studied by Ruer (Zeitsch. anorg. 
Chem., 1905, 43, 282), but the important facts discovered by him 
have not yet found their way into text-books. In cold aqueous 
solution the salt slowly undergoes hydrolysis, as was shown by the 
gradual change in the electrical conductivity of the solution. By 
prolonged boiling of the dilute solution a further change 3 
effected, the zirconium hydroxide produced by hydrolysis under- 
going transformation into metazirconic acid, which remains dis 
solved, forming a colloidal solution. It is stated that by boiling 
with concentrated hydrochloric acid the metazirconic acid can be 
reconverted into the normal hydroxide. 
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The chemical reactions of a boiled solution of zirconium oxy- 
chloride are different from those of an unboiled solution. The 
joiled solution gives a white precipitate with sulphuric acid and sul- 
phates generally, whilst the other does not. The hydroxides pre- 
cipitated by ammonia are different in appearance, in behaviour 
towards solvents, and in composition after drying at 100°. 

A solution of the 5:4 chloride bears a close superficial resem- 
blance in its chemical behaviour to a boiled solution of the normal 
aychloride. All sulphates which have been tried give a heavy 
precipitate of basic zirconium sulphate, which is soluble in excess of 
the precipitant. The hydroxide precipitated by ammonia has pro- 
yrties of its own, since when redissolved in hydrochloric acid it 
again forms the 5:4 chloride, and not the normal oxychloride, or 
aly in a small amount. These considerations suggested that pos- 
ibly the effect of boiling a solution of normal oxychloride is to 
produce the 5:4 salt. Experiments failed, however, to produce the 
new salt by this means. It was also thought that if the 5:4 salt 
were produced by the interaction of metazirconic acid and the 
normal oxychloride, it might be synthesised by precipitating a boiled 
wlution of this salt with ammonia and dissolving the metazirconic 
aid so obtained in a solution of the oxychloride, ZrOCl,,8H,O. 
Although the metazirconic acid dissolved readily in the oxychloride 
slution, no 5:4 salt could in this way be produced. 

These experiments, however, led to the recognition of further 
differences between the different forms of zirconium hydroxide. 
The hydroxide precipitated by ammonia from the unboiled solution 
of the oxychloride, ZrOCl,,8H,O, does not dissolve in a solution of 
this salt, whilst the hydroxide from a boiled solution dissolves quite 
readily on warming. Similarly, that from the 5:4 salt dissolves 
completely in a solution of the normal oxychloride. The solution 
% prepared deposits on crystallisation a mixture of crystals of the 
oxychloride, ZrOCl,,8H,O, and the 5:4 salt. 

From these facts we must conclude that besides the normal hydr- 
oxide of zirconium- produced by precipitating a solution of the 
oxychloride, ZrOCl,, or of zirconium sulphate with ammonia, two 
others exist. One of these is the metazirconic acid-already described 
by Ruer, which is produced when a solution of zirconium oxy- 
chloride is boiled. The other is that which is precipitated from a 
solution of the 5:4 chloride. The last can be converted into the 
first by dissolving in excess of sulphuric acid and reprecipitating, 
after which treatment it gives only the oxychloride, ZrOCI,,8H,0, 
with hydrochloric acid, 
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The Constitution of the New Salts. 


It is a general property of most basic salts that by treatment 
with excess of acid they can be converted into less basic or normal 
salts. This property is not shared by the 5:4 chloride; it js 
inherently stable in presence of acid, gives rise to a sulphate of 
corresponding composition by simple double decomposition, and 
gives a hydroxide having special properties. It is therefore clear 
that a special explanation of its properties must be given. 

The 5:4 ratio, together with the known quadrivalency of zircon. 
ium, suggests that one zirconium atom is combined with the other 
four, each of which is combined with one atom of chlorine. Of the 
eight oxygen atoms, four must serve as links between the zirconium 
atoms, the other four being attached each to one of the chlorinated 
zirconium atoms. The formula thus deduced for the anhydrous 
salt is: , ania 

Cl-ZrO- *ZrO-Cl 

C1200 0. Z10-Cl 
The salt is thus represented as a tetrachlorozircony] zirconate.* The 
presence of the group —ZrO-Cl, which is doubly present in the 
normal oxychloride, ZrOCl,, may account for the great solubility of 
both salts. 

The formation of a sulphate from the chloro-compound is easily 
explained, and also the fact that sulphuric acid, or any sulphate, 
produces the same zirconium compound : 

ZrO,,(ZrOCl), + 2M,"SO, =4M'Cl + ZrO,,(Zr,0,80,)>. 
The structure of the sulphate is slightly different from that of the 
chloride owing to the linking together of pairs of zirconium atoms 
by the group =SO,. This may be of consequence in determining 
the insolubility of the 5:2 sulphate. 

This type of formula, too, explains why a distinct hydroxide can 
be obtained by means of ammonia from the 5:4 salt. Whe 
ammonia attacks the salt with formation of ammonium chloride, it 
is not called on to disturb the zirconia complex: 

ZrO,,(ZrOCl), + 4NH,-OH = ZrO,,(ZrO-OH), + 4NH,Cl. 
The hydroxide may therefore possess the same type of structure 3 
the salt, as indicated in the above equation, and when redissolved 
in hydrochloric acid would reproduce the 5:4 salt, as is indeed 
the case. 

From this point of view the complex ZrO,(ZrO),7¥ functions 4 
a basic radicle. It is not unlikely that a whole series of salts of 


* Zirconium being quadrivalent, the four subsidiary groups may be sup. 
posed disposed tetrahedrally around the central zirconium atom 
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the 5:4-type can be prepared from it.* The similarity between the 
behaviour of a boiled solution of the oxychloride, ZrOCl,, that is, a 
solution containing metazirconic acid, and a solution of the 5:4 
chloride suggests that metazirconic acid has a constitution of the 
same type as that of the hydroxide from which the 5:4 salt is 
formed. That is to say, metazirconic acid is formed by the con- 
densation of several molecules of the normal hydroxide, Zr(OH),. 
This condensation is preceded by hydrolysis of the salt, and takes 
place more readily in dilute solution. 


Basic Zirconium Sulphate from a Boiled Solution of the 
Oxychloride, ZrOC\,. 


Ruer and Levin (Zeitsch. anorg. Chem., 1905, 46, 449) obtained 
a basic zirconium sulphate by boiling a solution of the oxychloride, 
ZrOCl,,8H,O, for a short time with a molecular proportion of 
sulphuric acid. The precipitate which formed contained ZrO,= 
48°65 and SO,=19°83 per cant. These figures correspond with no 
definite atomic ratio. In order, if possible, to get a definite sulphate 
from a boiled solution of zirconium oxychloride, the experiment 
was conducted as follows: Six grams of the salt were dissolved in 
500 c.c. of water and boiled continuously for six hours. The solu- 
tion gradually became opalescent. At the end of this time an 
equivalent of dilute sulphuric acid was added, and the precipitate 
was allowed to settle. It proved to be very slimy, difficult to filter 
and wash, drying in air to a hard, glassy substance. Analysis gave 
Zr0,=59°34; SO,=15°73 per cent. These figures correspond 
almost exactly with those of the 5:2 basic sulphate, but in every 
other respect the two compounds are quite different. The above salt, 
after drying, is insoluble in sulphuric acid, is unattacked by am- 
monia, and gives on ignition a hard, granular zirconia. The 5:2 
sulphate prepared from the 5:4 chloride is, on the other hand, 
soluble in sulphuric acid, is decomposed by ammonia, and gives on 
ignition zirconia in the form of a loose, white powder. 

In this experiment only about 60 per cent. of the zirconia in 
solution was precipitated as basic sulphate. This probably repre- 
sents the proportion of the zirconium oxychloride which had under- 
gone hydrolysis. The remainder of the zirconium was obtained as 
sulphate when the solution was concentrated. 


Metazirconic Chloride. 
In the course of his work on the preparation of metazirconic acid 
from the oxychloride, ZrOCl,,8H,O, Ruer observed the formation, 


4 Indications have already been obtained that aromatic sulphonic acids 
form zirconium salts corresponding with the two basic chlorides 
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by repeated evaporation of the aqueous solution of the salt, of , 
precipitate which he was able to separate and wash by centr. 
fuging. This was found to contain ZrO, = 86°89, Cl=5°16 per cent, 
giving a ratio Cl:Zr=1:4°91. It has been called metazironic 
chloride. The present author has convinced himself that anothe 
basic chloride of zirconium exists besides the 5:4 salt described in 
this paper. After two or three crops of crystals have been obtained 
from the hydrochloric acid solution prepared from the basic sulphate 
described at the beginning of this paper, the solution tends to 
become gummy, owing to hydrolysis and the formation of a col. 
loidal solution. Indeed, on some occasions a gel has been obtained, 
Addition of alcohol at this point produces an amorphous precipi- 
tate of a basic chloride. It is very readily soluble in water, gives 
the usual zirconium reactions, and, in addition, a precipitate with 
sulphates, as does the 5:4 chloride. Whether it is identical with 
Ruer’s metazirconic chloride has not been ascertained.* 


The Constitution of Zirconium Salts. 


The existence of the new salts described in this paper and of the 
new hydroxide makes it possible now to take a more comprehensive 
view of the character of zirconium and of the constitution of its 
salts. The chemical behaviour of zirconium salts in solution is of 
a complicated and unusual character, and although special explana- 
tions have been put forward to account for certain isolated facts, no 
general explanation of their character and behaviour has been 
offered. 

Zirconium tetrachloride is immediately decomposed by water 
with the formation of hydrogen chloride and zirconium oxychloride, 
ZrOCl,, which is very readily soluble in water, crystallising with 
8H.,O. As we have seen, this oxychloride is further decomposed by 
prolonged boiling in dilute solution. Zirconium sulphate is usually 
given the formula Zr(SO,).,4H,O, but this has been called in ques 
tion by Ruer (Zeitsch. anorg. Chem., 1904, 42, 87) on account of 
the abnormal behaviour, analytical and electrical, of its solution. 
He regards it as a zirconyl sulphuric acid, ZrO-SO,,H,SO,,3H,0. 
From analogy to the oxychloride, however, it would be better 
represented as O:Zr:(O-SO,;H),,3H,O. On electrolysis, this com- 
pound could form to some extent the two ions, ZrO(SO,); and 
2H+, the zirconium appearing in the anion, as Ruer observed. It 
appears, then, that both the chloride and the sulphate of zirconium 


* By continued boiling of the 5:4 chloride a colloidal metazirconi¢c acid 
can also be obtained. This is soluble infwater, forming a clear solution, 
whilst that produced by boiling a solution of the oxychloride, ZrOCI,,8H,0, 
forms a milky, opalescent solution, 
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in their simplest form are basic salts. It seems, indeed, quite 
ikely that normal or ortho-salts of zirconium in which all four 
valencies of the metal are united with acid radicles cannot exist 
in the presence of water. 

Besides these simple basic salts there are the more complex basic 
alts, of which the 5:4 chloride and the 5:2 sulphate, newly 
described, are good examples. Another important example is the 
4:3 sulphate, 4ZrO,,3SO,,15H,O, described by Hauser and Herz- 
feld (Zeitsch. anorg. Chem., 1910, 67, 369). It is produced in the 
frm of small, monoclinic crystals when a solution of the sulphate, 
[r0(SO,H)., is kept for some time at a temperature of 40—50°, 
and its composition is so definite that it has been proposed to use it 
for atomic weight determinations. Besides these, there is the inde- 
finite compound produced by partial neutralisation of a. sulphate 
lution with ammonia; the basic sulphate thrown down when a 
dilute solution of zirconium sulphate is boiled—a frequent source 
of trouble to the analyst; and the compound precipitated by 
adding a solution of a sulphate to a boiled solution of zirconium 
oxychloride. 

The tendency to the formation of these complex basic salts must 
be attributed to two co-operative causes: the ready hydrolysis of 
irconium salts in dilute solution, particularly at high tempera- 
tures, and the tendency of zirconium hydroxide to polymerise. The 
variety of possible products from the simultaneous operation of 
these two tendencies is very great, but actually the products 
obtained seem to depend on conditions of temperature and dilution 
and to be limited in number. Thus Hauser observed that the 
4:3 sulphate is produced only within a limited range of tempera- 
ture, and not at all above 50°. Some of the complexes so produced 
are very stable; for example, the zirconia complex corresponding 
with the 5:4 chloride and the 5:2 sulphate. From this point of 
view the constitutional formule put forward for these two salts 
on p. 402 are not extravagant. Hauser’s 4:3 sulphate can be 
represented thus: 

HO-OZr:SO,:ZrO-SO,°ZrO-SO,°Zr0-OH. 
Such a formula is readily derived from that of the common 
sulphate, ZrO(SO,H),, by the operations of hydrolysis and con- 
densation suggested above. 

When this process of hydrolysis and condensation is pushed to 
the limit, metazirconic acid is produced. It is most readily formed 
by repeated evaporation of the chloride or nitrate. From the col- 
loidal nature of its solutions it is clear that the molecule of meta- 
tirconic acid is of considerable complexity. It can be regarded as 
the extreme member of a series of complex basic salts. 
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The course followed by the hydrolysis and condensation appa- 
rently depends on the nature of the acid radicle. Thus it a 
impossible, by hydrolysis of zirconium oxychloride, ZrOC1,,8H,0, to 
isolate any individual of simpler constitution than Ruer’s met. 
zirconic chloride. The sulphate, however, produces several definite 
compounds. The basic sulphate precipitated by ammonia, which 
was the starting point in the preparation of the 5:4 chloride, un. 
doubtedly contains the 5:2 sulphate, since it has been shown that 
when ammonia acts on the 5:2 sulphate a hydroxide is produced 
from which the 5:4 chloride is prepared. It was suggested on 
p. 396 that the composition of this basic sulphate probably 
depended to some extent on the previous history of the solution. 
This statement is now seen to be justifiable, since the degree of 
hydrolysis of the zirconium salts in solution depends on the dilution 
of the solution and on the length of time it has been heated and 
the temperature which it has attained. The changes produced by 
such treatment are apparently not reversible, because hydrolysis 
is succeeded by further changes, involving the formation of zirconia 
complexes of different kinds. The presence of impurities, too, may 
not be without effect, for it has been observed that when ferric 
chloride is present in a solution of zirconium oxychloride, pro 
tracted boiling is liable to lead to the formation of a hydrogel. 


Summary. 


1. A basic sulphate of zirconium is prepared by partly neutral- 
ising an impure dilute solution of zirconium sulphate in sulphuric 
acid with ammonia. 

2. From this basic sulphate a new basic chloride, 5:4 basic 
zirconium chloride, is prepared. It has the composition 
Zr;0,Cl,,22H,O. It is a crystalline salt, very readily soluble in 
water, and can be recrystallised unchanged from hydrochloric acid 
solution. 

3. Soluble sulphates precipitate from solutions of 5:4 basic 
zirconium chloride an insoluble sulphate, having the composition 
Zr,0,(SO,),cH,O, where x is probably 14. This is a non-crystal- 
line compound, soluble in concentrated sulphuric acid. 

4. Corresponding with the 5:4 chloride and the 5:2 sulphate 1s 
a hydroxide prepared from either of these salts by the action of 
ammonia. It is distinct from normal zirconium hydroxide, since, 
when redissolved in hydrochloric acid, it forms the 5:4 baste 
chloride. 

5. A basic sulphate is described, produced by adding sulphuric 
acid to a boiled solution of zirconium oxychloride, ZrOCI,,8H;0. 


gaLWAY : METHYL NONYL KETONE FROM PALM KERNEL OIL. 407 


This appears to have the same composition as the above 5:2 sul- 
phate, although it is otherwise distinct therefrom. 

6. Constitutional formule are suggested for the newly described 
salts and for other basic zirconium salts. 

7. The formation of the many complex basic salts of zirconium 
is attributed to hydrolysis of the simpler salts, followed by con- 
densation in dilute solution and at high temperatures, occasioned 
by the weak basicity of zirconium hydroxide and its amphoteric 
character. The final product of these changes is metazirconic acid. 


In conclusion, the writer wishes to express his thanks to Dr. W. 
Rosenhain, F.R.S., of the National Physical Laboratory, for the 
interest he has taken in this work and the encouragement he has 
given. 


Tat NaTIOoNAL Poysicat LABORATORY, 
TEDDINGTON. * [Received, April 18th, 1917.] 


XXXIV.—Methyl Nonyl Ketone from Palm Kernel 
Oil. 
By ArtHur Henry Satway. 


Ir is well known that many vegetable oils, for example, palm kernel 
oil, can only be satisfactorily employed for edible purposes after 
being subjected to a process termed ‘deodorisation,’ the object of 
which is to remove, by steam distillation, volatile constituents that 
are detrimental to the taste and odour of the oil. The determina- 
tion of the chemical character of these volatile substances is of both 
scientific and practical interest, but the amount usually obtained 
from edible oils is so small that its chemical examination presents 
some difficulty. However, a considerable quantity of material, 
obtained by. the deodorisation of palm kernel oil on the large 
scale, was placed at the disposal of the author, and therefore the 
investigation described in this paper was undertaken. 


Isolation of the Volatile Constituents of Palm Kernel Oil. 


The crude material supplied for this investigation consisted of a 
semi-solid, fatty mass containing water in a state of emulsion. 
Analysis of the material gave the following figures : 


Free fatty acids 30 per cent. 
Neutral fat 26s 
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It is thus evident that this crude distillate from the deodorisation 
of palm kernel oil on the large scale contained about 1-2 per cent 
of neutral volatile oil, together with larger proportions of volatile 
fatty acids, neutral fat (mechanically carried over in the deodorisa. 
tion), and calcium soap, the latter being derived from the calcium 
salts in the water used for condensing the distillate. The odow 
and taste of the original palm kernel oil are essentially caused by the 
volatile neutral off and to a minor extent by the volatile fatty 
acids. In order to obtain for examination a sufficient quantity of 
these substances free from neutral fat, 45 kilos. of the above crude 
material were subjected to prolonged distillation in a current of 
steam. The rate of distillation of the volatile oil was slow, about 
6 c.c. being obtained per litre of aqueous distillate. The distillation 
was continued for many hours until 250 c.c. of volatile oil had 


been obtained. 


Chemical Examination of the Volatile Oil. 


The volatile oil, isolated as described above, was of a pale yellow 


colour and possessed a strong, but not entirely unpleasant odour, 
Its physical constants were deter- 


somewhat suggestive of oranges. 
mined with the following results: 


Saponification value 
Iodine value 
In order to separate the fatty acids from the above oil, an 
ethereal solution of the material was agitated with 1 per cent. 
sodium hydroxide, the alkaline solution being shaken once with 
ether, to remove any dissolved neutral oil, and then acidified. The 
fatty acids thus obtained amounted to 12°2 per cent. of the treated 
oil. These fatty acids had a mean molecular weight of 220°4, and 
distilled from 235° at the ordinary pressure to 250°/40 mm. They 
were not exhaustively examined, as they evidently consisted of the 
fatty acids known to be present in palm kernel oil. 
The ethereal solution, from which the fatty acids had been 
removed, was next dried and the solvent removed. The neutral oil 
was then distilled under diminished pressure with the following 


result : 


Fraction 1. 135-—155°/90 mm 
» 2 155-160°/90 
* 3. 160-165°/90 
Residue 
The small range of temperature during the distillation indicates 


that the material consists essentially of one substance in fairly 
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ure condition. The residue after distillation contained neutral 
fat which had been mechanically carried over in the original steam 
distillation. 

Each of the above fractions, Nos. 1—3, was found to yield a 
lid sodium hydrogen sulphite derivative, indicating the presence 
of an aldehyde or ketone. The fractions were therefore mixed and 
shaken with a saturated solution of sodium hydrogen sulphite, the 
lid compound being removed from time to time and the oil 
again shaken with fresh sodium hydrogen sulphite. The removal 
of the ketone by this method was very slow, repeated agitations 
with fresh sodium hydrogen sulphite being necessary, but it soon 
pecame evident that the greater portion of the oil was aldehydic 
or ketonic in character. Ultimately, 80 grams of the compound 
were isolated ; this was washed with ether and then treated with 
aqueous sodium carbonate for the liberation of the aldehydic or 
ketonic substance. The liberated oil was then extracted with 
ether, the ethereal solution washed, dried, and the solvent removed, 
when 35 grams of a pale yellow oil were obtained. 


Identification of Methyl Nonyl Ketone. 


The oil obtained from the sodium hydrogen sulphite compound 
as described above distilled at 220—230°, solidified in the cold, 
remelting at 13°, and had D% 0°828; an analysis of the substance 
gave C=77°6; H=12°7 (CH,°CO-C,H), requires C=77'6; H=12°9 
percent.). It is thus seen that the substance possesses the physical 
properties and composition of methyl nonyl ketone. Its identity 
with this compound was definitely established by the formation of 
its semicarbazone and oxime. The semicarbazone obtained as a 
precipitate by treating the oil (4 grams) with aqueous semicarbazide 
hydrochloride (5 grams) and sodium acetate (7 grams) in the 
presence of a little alcohol, crystallised from alcchol in small 
needles melting at 122—124°, and was identical with the semi- 
carbazone of methyl nonyl ketone. Recrystallisation did not 
change the melting point; for this reason and the fact that almost 
a quantitative yield of semicarbazone was obtained, it may be con- 
duded that the material isolated by means of sodium hydrogen 
tulphite is almost pure methyl nonyl ketone. The oxime was pre- 
pared by mixing the oil (5 grams) with aqueous hydroxylamine 
tydrochloride (5 grams) and then adding slowly a solution of 
‘dium hydroxide (2°5 grams). Sufficient alcohol was also added 
lo render the mixture homogeneous, after which it was heated two 
tours under a reflux condenser. On adding water to the mixture 
0 oil separated, which slowly became crystalline. This substance 
‘tystallised from dilute alcohol in long, colourless needles melting 
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at 44—46°, and was identical with the oxime of methy] nony! 
ketone. 

From these results it is to be concluded that methyl nony] ketone 
is the chief constituent of the neutral volatile oil from palm ker 
oil. In order to obtain an approximate determination of th 
amount of methyl nonyl ketone in the original palm kernel oii, 
1200 grams of the latter were distilled in a current of steam, the 
oil being kept at 140° during the distillation. After 8 litres of 
aqueous distillate had been collected, almost the whole of the 
essential oil had passed over, and further distillation only effected 
the removal of fatty acids. The amount of oil in the distillate 
was 4 c.c. This oil was collected, and in order to remove fatty 
acids, again distilled in a current of steam in the presence of sodium 
hydroxide. The neutral volatile oil thus obtained amounted to 
1°4 grams, corresponding with 0°12 per cent. of oil on the original 
palm kernel oil.* One gram of this material was added to a con- 
centrated solution of semicarbazide hydrochloride (1 gram) and 
sodium acetate (1°5 grams) in the presence of a little alcohol. After 
well shaking the mixture the precipitated semicarbazone was cdl- 
lected, washed successively with water and petroleum, and then 
dried and weighed. The amount of semicarbazone was 1‘2 grams, 
indicating that 90 per cent. of the volatile oil consisted of methyl 
nony! ketone. The crude semicarbazone melted at 115—117°, and 
one crystallisation from alcohol was sufficient to raise the melting 
point to that of pure methyl nonyl ketonesemicarbazon 
(122—124°). 

In connexion with these results, it is of interest to observe that 
methyl nonyl ketone is a constituent of cocoanut oil (Haller and 
Lassieur, Compt. rend., 1910, 151, 697), but this oil contains 
also appreciable quantities of methyl heptyl ketone and methyl 
undecyl ketone. 


The author desires to express his best thanks to Messrs. Lever 
Bros., Ltd., for permission to publish the results of this investige 
tion, and also to Mr. L. V. Cocks for assistance in the experimental 
portion of the work. 


Port SunuicHrt, 
CHESHIRE. [ Received, April 10th, 1917.| 


* A sample of cocoanut oil treated in the same way yielded 0°03 per 
cent. of its weight as neutral oil, and of this oil only 30 per cent. 0 
be converted into a semicarbazone. 
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XXXV.—TZhe Influence of Pressure on the Ignition 
of a Mixture of Methane and Air by the 
Impulsive Electrical Discharge. 


By Ricuarp VERNON WHEELER. 


Iva recent paper (this vol., p. 130) an account was given of experi- 
ments made to check the observation by Thornton that the ignition 
of a mixture of methane and air by the impulsive electrical dis- 
charge “ proceeds per saltum as the pressure is changed ” (Colliery 
Guardian, 1916, 112, 504). Lack of the requisite apparatus pre- 
vented at that time the prosecution of the experiments at pressures 
above atmospheric. Such experiments have since been made, and 
it seems desirable to lay the results before the Society, not only 
because they differ in two essential respects from Thornton’s, but 
because a possible explanation of one of the differences is suggested. 

A diagram representing Thornton’s results is shown, in dotted 
line in the figure. The “ igniting-currents” recorded are those 
currents passing through the primary circuit of the particular 
induction coil used which, when broken, gave secondary discharges 
just capable of igniting the mixture, which contained 9°5 per cent. 
of methane. The electrodes were of nickel. 

It will be seen that not only are there well defined “steps,” but 
that when the pressure of the mixture is increased above 2000 mm. 
the direction of the stepped curve is reversed. This remarkable 
result, indicating decreased “ ignitibility ” of a given mixture as its 
pressure is increased, would, if correct, be as important practically 
as theoretically. 

Ihave been unable to confirm Thornton’s observations, as will be 
seen from the curve shown in full line in the figure, representing 
the results of my experiments. 

An attempt was made to use one of the explosion vessels that 
had been employed for the work at pressures less than atmospheric 
%0 as to make the results directly comparable, but it was found that 
the spark-gap (1 mm.) was too great. For when the pressure of the 
mixture was but little greater than atmospheric it was found that 
the least discharge that could cross the gap caused ignition of the 
mixture, and there was, of course, no means of ascertaining 
whether, if a discharge of less intensity could have crossed, it also 
could have caused ignition. A new explosion vessel with a spark- 
gap of between 0°25 and 0°5 mm. was therefore employed, the elec- 
trodes being of platinum. This reduction in the spark-gap enabled 
4 secondary discharge of less intensity to pass, whilst at the same 
time, owing to the decreased length of the sparks, a greater 
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intensity was required for ignition of the mixture. Thus ample 
margin was obtained between what may be called the “ minimum 
sparking-current ” and the “minimum igniting-current.” 

With this smaller spark-gap the minimum sparking current was 
0°35 ampere when the pressure of the mixture in the explosion 
vessel was 5000 mm.; whereas with the mixture at atmospheric 
pressure (760 mm.) a discharge crossed the gap readily when a 
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current of less than 0°25 ampere was broken in the primary circuit. 
It was found that this increased difficulty in the passage of the 
discharge with increased density of the intervening medium was 
more marked the less powerful the induction coil, the minimum 
sparking current in air, for example, when a “ finch” coil of cheap 
manufacture was used being 2°0 amperes at atmospheric and 
3°5 amperes at 5000 mm. pressure. 

In these observations lies a possible explanation of the apparent 
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increased difficulty of ignition with increased pressure of the mix- 
ture recorded by Thornton, the suggestion being that his records 
disclose in reality the increased difficulty of passage of the discharge 
with increased pressure of the gas. A mixture may appear to be 
more difficult to ignite by an impulsive discharge across a fixed 
spark-gap when under high compression than when at atmospheric 
pressure, not because the mixture is less “ ignitible,” but because 
the discharge passes less readily. 


EXPERIMENTAL, 


The method of experiment was the same as described in the 
previous paper. The only essential difference in the apparatus was 
in the explosion vessel, which had a spark-gap of between 0°25 and 
05 mm. and was fitted with high-pressure taps. 


(Received, April 19th, 1917.] 


XXXVI.— Velocity of Decomposition and the Dissocia- 
tion Constant of Nitrous Acid. 


By Prarutita Cuanpra RAy, Manik Lat Dey, and 
JNANENDRA CHANDRA GHOSH. 


Some of the previous workers in this field have prepared nitrous 
acid by the interaction of silver nitrite and hydrochloric acid 
(Schiimann, Ber., 1900, 33, 533; Veley, Proc. Roy. Soc., 1893, 
52, 28). The disadvantage of this method is obvious, as, on 
account of the very sparing solubility of silver nitrite in water, 
only an extremely dilute solution of nitrous acid could be obtained ; 
thus, at 18°, the solubility of silver nitrite in water is only 0-02067 
gram-molecule per litre (Naumann and Riicker, Ber., 1905, 38, 
2293). Veley obtained an acid of comparatively higher strength 
by suspending an excess of silver nitrite in water and treating it 
with aqueous hydrochloric acid. 

In the present series of experiments, barium nitrite was sub- 
stituted for silver nitrite, as there were several advantages in its 
favour. In the first place, on account of its high degree of solu- 
bility, solutions of nitrous acid of the strength required for the 
experiments could readily be obtained by treating it with its 
equivalent of dilute sulphuric acid; not only could double decom 
Position be brought about at once, but as the heavy barium 
tulphate settles down within an hour or so, a clear solution of 
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nitrous acid of known strength could be secured, whereas by 
suspending silver nitrite in water, as in Veley’s method, an acid 
of uncertain strength is obtained, since the reaction in this case 
is never complete, the insoluble coating of silver chloride, once 
formed, protecting the enclosed nitrite from further action. Veley 
had thus to determine the strength of the nitrous acid by titration 
with potassium permanganate. By using barium nitrite, however, 
the strength of the corresponding nitrous acid set free could be at 
once ascertained, and titration with permanganate was resorted to 
only as an additional check. 

The preparation of barium nitrite has already been described 
by one of us (Ray, T., 1905, 87, 177). The salt was further 
purified by fractional crystallisation. 

The estimation of nitrous acid was made both by the carbamide 
and the permanganate method. Preference was given to the 
latter, as it has been found to be more trustworthy. The velocity 
constant of decomposition at temperatures varying from 0° to 40° 
has been studied, and the dissociation constant of the acid at 0° 
determined. 


Estimation of Nitrous Acid by the Carbamide Method. 


The decomposition of free nitrous acid by carbamide presented 
some anomalies without any apparent reason. The experiments 
were performed in a Crum-Frankland nitrometer. It was found 
that when the nitrous acid solution was at a temperature lower 
than that of the room (21°), the evolution of nitrogen was 
extremely slow, no matter how much carbamide was added. Addi- 
tion of sulphuric acid and constant shaking were found to be 
necessary to hasten the reaction even when the temperature had 
risen to 21°. The decomposition, however, was not complete until 
twenty minutes to half an hour had elapsed. The estimation of 
nitrous acid in nitrites did not present any such difficulty. 

Five c.c. of V/32-nitrous acid (prepared by double decomposi- 
tion of equal volumes of V/16-barium nitrite and V/16-sulphuric 
acid at 0°) gave 1°9 c.c. N, (moist) at 24° and 760 mm. pressure. 
N=11'84; Ba(NO,),. requires N=11°34 per cent. 


Rate of Decomposition of Nitrous Acid. 


Veley’s method (loc. cit.) was found to yield accurate results. 
A known volume of nitrous acid solution at 0° was run into 4 
known volume of permanganate solution acidified with sulphune 
acid. The vessel was kept covered for half an hour, so as to 
ensure complete oxidation of the nitrous acid. Potassium iodide 
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yas now added in excess, and the amount of iodine liberated was 
titrated with WV/10-thiosulphate solution. 

Ten c.c. of WV /32-nitrous acid required for complete oxidation 
526 cc. V/10-potassium permanganate. HNO,=0°01460 gram; 
Cale., HNO, =0°01468 gram. 


Rate of Decomposition of Nitrous Acid. 


The rate of decomposition was determined at 0°, 21°, and 40°. 
Bqual volumes of V/16-barium nitrite and N/16-sulphuric acid 
yere separately allowed to attain the temperature of the experi- 
nent before they were mixed together, the temperature being kept 
enstant throughout. Barium sulphate gradually settled, and the 


dear, free nitrous acid was estimated at intervals by Veley’s 
nethod. From the rate of decomposition, the velocity constants 
for the three temperatures were calculated according to the equa- 
tio k=1/tlog ¢g/¢,, which holds good for unimolecular reactions. 


TasLeE I. 


At 0°. 
Grams of 
HNO, in 10 c.c. k. 


0-01468 — 
0-01363 0-00014 
0-01317 0-00013 
0-01224 0-00015 

Mean 0-00014 
TaBieE II. 


At 21°. 


Time 
in minutes 
0 
90 
135 
195 


Time 
in minutes 


Grams of 
HNO, in 10 c.c. 
0-01468 
0-01292 
0-01247 
0-01175 


TaseE III. 


At 40°. 
Grams of 
HNO, in 10 c.c. 
0-01468 
0-01196 
0-01020 
0-00853 


0-00058 


0-00057 
0-00057 
Mean 0-00057 


Veley has noticed that there is always an equilibrium between 
uitrie acid and nitrous acid in a mixture, the ratio being generally 
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15°5:1. The unimolecular reaction holds good, since the equil- 
ibrium ratio nitrous acid:nitrous acid is very small. 

An attempt was made to determine the maximum possible con. 
centration of nitrous acid at 0°. W/5-Solutions of barium nitrite 
and sulphuric acid were separately cooled to 0°, and then mixed 
together in equal volumes. The vessel was now placed in a bath 
of ice and salt, and ice was allowed to freeze out of the solution, 
As the solution gained in concentration, bubbles began to be 
evolved after some time. The strength of nitrous acid in solution 
was determined by Veley’s method. The maximum concentration 
obtained was 0°185/. 


The Dissociation Constant of Nitrous Acid. 


The dissociation constant of nitrous acid was first determined 
by Schiimann (loc. cit.), who measured the conductivity of mix. 
tures of sodium nitrite and hydrochloric acid in equivalent pro- 
portions at a dilution of 512 and upwards. The molecular con- 
ductivity of nitrous acid was obtained by deducting from the 
observed value the known molecular conductivity of sodium 
chloride. This method is, however, open to objection. Sodium 
chloride is a strong electrolyte, whilst nitrous acid is a weak one, 
and the data obtained by the method of difference are therefore 
subject to large experimental errors. Blanchard (JZeitsch. 
physikal. Chem., 1902, 41, 681) has also determined the dissocia- 
tion constant of nitrous acid by another method, based on the 
influence of acids on the decomposition of ammonium nitrite. He 
found that 0°222N-acetic acid has the same influence as 0°05N- 
nitrous acid. He obtained 4 x 10-‘ as the dissociation constant of 
nitrous acid, which he believed to be 10—20 per cent. too low, 
that of Schiimann being 4°5x10-4. In view of these results, it 
was thought desirable to determine afresh the dissociation constant 
for nitrous acid. It has been observed before that a solution of 
nitrous acid, although not absolutely stable at 0°, yet has only 4 
small rate of decomposition at that temperature. The conduc- 
tivity measyrements were therefore carried out at 0°. Twenty-five 
c.c. of V/16-barium nitrite were poured into a closed conductivity 
vessel immersed in a bath of ice. When the barium nitrite solution 
had attained the temperature of the ice-bath it was mixed with 
25 c.c. of V/16-sulphuric acid, also cooled to 0°, and the conduc 
tivity determined immediately after. The whole series of measure 
ments from dilution 32 to 1024 did not take more than forty-five 
minutes. That the change in conductivity due to decomposition of 
nitrous acid is very small within this short interval of time will be 
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apparent from the data in table V. The maximum error possible 
due to the formation of nitric acid was within +3 per cent. 

The water used in these measurements was prepared by Jones 
and Mackay’s method (Zeitsch. physikal. Chem., 1894, 14, 317) 
and had a conductivity of 2x 10-®. 

Vogel’s value (Zeitsch. anorg. Chem., 1903, 35, 403) for the ionic 
robility of nitrosion (61°7 at 25°) was used to calculate p, for 
nitrous acid at 25°. By applying Kohlrausch’s equation : 

Oto = Uygo{1 + a(t? — 18°) + B(t® — 18°)?}. 
y, for nitrous acid at 0° was found to be 256. Several series of 
conductivity determinations were carried out which yielded concor- 


dant results. 
TaBLeE IV. 


Molecular Conductivity of Nitrous Acid at 0°. 


v. B 
32 33-5 
64 45-8 
128 62-0 
256 82-5 
512 107-0 
1,024 138-0 
Mean k=6-00 x 10-4 


TABLE V. 


Influence of Time on the Molecular Conductivity of 
Nitrous Acid at 0°. 
V=32. 


Time in minutes 0 60 120 180 
m 33-5 34-1 35 36-2 


The observed values for w lies within +2 per cent. of the real 
value, and therefore the probability of maximum error is (+3+2) 
per cent. It will be noticed that the value for Kyxo given above 
is about 33 per cent. greater than that of Schiimann and Blanchard. 


Summary and Conclusion. 


From the foregoing investigation it would appear that: 

1. The velocity constant of decomposition follows the unimole- 
cular reaction, the constant being 0°00014 at 0°, 0°00022 at 21°, 
and 9°00057 at 40°. 

; - The maximum concentration of nitrous acid available at 0° is 

‘185, 


3. The dissociation constant of nitrous acid at 0° is 6 x 10-4. 


CHEMICAL LABORATORY, 
CoLLEGE oF ScrIENCcE, 
University or CALcurrTa [Received, March 30th, 1917.] 


R* 


418 DRUCE : METHOD OF PREPARING POTASSIUM STANNICHLORIDE 


XXXVII.—A Simple Method of Preparing Potassium 
Stannichloride. 


By Joun GeraLp FREDERICK Druce. 


Tue methods used to prepare potassium stannichloride, K,Sn(\,, 
usually involve the employment of excess of potassium chloride in 
order to diminish the hydrolysis of the stannic chloride. Analyses 
of the products obtained from mixed solutions of the two chlorides 
frequently indicate too high a percentage of potassium. 

It is now found that a highly satisfactory product may be 
readily obtained by the oxidation of potassium stannochloride by 
means of chlorine. The potassium stannochloride need not be 
isolated ; a solution of stannous chloride in a concentrated solution 
of potassium chloride made slightly acid with hydrochloric acid 
may be used instead. The reaction proceeds quite well when a 
concentrated solution of the salts in the molecular proportion of 
2 parts of potassium chloride to 1 part of stannous chloride is used. 
It was found unnecessary, if not inadvisable, to employ an excess 
of potassium chloride. With weak solutions hydrolysis takes place; 
thus it is necessary to use concentrated solutions of the salts. 

The method employed was as follows. A concentrated solution 
of 16 grams of potassium chloride was prepared and 22 grams of 
stannous chloride were dissolved in it by warming, with the addi- 
tion of a few drops of concentrated hydrochloric acid. A slow 
stream of chlorine was passed in for about three hours, after which 
the oxidation was complete. The solution, after saturation with the 
gas, was treated with a little concentrated hydrochloric acid and 
slowly evaporated on a water-bath at 50—70° for about two hours. 
Small, octahedral crystals of potassium stannichloride separated out 
on remaining overnight. These were collected, dried on a porous 
plate, and analysed without recrystallisation. (Found, K=19'2; 
Sn=28°69; Cl=51°99. Cale., K=19°19; Sn=28°72; Cl=52'02 per 
cent.) 

Experiments were carried out in which potassium stannochloride 
was first isolated before the chlorination. The stannous double 
salt was prepared by adding the calculated amount of stannous 
chloride to a saturated solution of potassium chloride containing 4 
little hydrochloric acid. The solution was concentrated somewhat 
on a water-bath at a temperature not exceeding 60°; it was then 
filtered, and allowed to crystallise. The crystals were dried on 4 
porous plate. (Found, K=20°72; Sn=31°58; Cl=37°89; H,0= 
9°60. K,SnCl,,2H,O requires K=20°80; Sn=31°74; Cl =37°86; 
H,O = 9°60 per cent.) 
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When this salt was dissolved in water slightly acidified with 
hydrochloric acid and treated with chlorine, it passed quantitatively 
into potassium stannichloride, and as there is nothing in solution 
except the stannichloride, this seems to be the best method of 
obtaining the salt. That the oxidation was quantitative was proved 
by expelling the excess of free chlorine and adding mercuric chloride 
to the solution, when no precipitate was obtained. 

Potassium stannichloride gave reactions associated with stannic 
compounds, whilst potassium stannochloride was found to show 
those of stannous salts. 

With the view of seeing whether the method above described for 
the preparation of potassium stannichloride was of general appli- 
cation, preliminary experiments were carried out with manganous 
chloride and lead chloride in place of stannous chloride. No double 
salts of the alkali chloride with either of the dichlorides were ob- 
tained. Mixed solutions of the two chlorides were submitted to 
the action of chlorine, but it was not found possible to isolate 
potassium manganichloride or plumbichloride by this method. The 
crops of crystals obtained in various experiments were found, on 
analysis, to be mixtures. 


THe Caemistry DEPARTMENT, 
BoroueH PotytTecunic Instirute, 8.E. [Received, March 5th, 1917.] 


XXXVIII.—The Alkaloids of Ipecacuanha. Part II. 


By Frank Lee Pyman. 


Tue first part of this investigation (Carr and Pyman, P., 1913, 
29, 226; T., 1914, 105, 1591) characterised the then known 
alkaloids of ipecacuanha—emetine, cephaeline, and psychotrine— 
and explained their mutual relations. Psychotrine was shown to 
have the formula C,,H,,0,N., and to yield on reduction a mixture 
of cephaeline and isocephaeline, both of which had the formula 
CH,,0,N,. Emetine proved to be the monomethyl ether of 
cephaeline, and had the formula C,gH,4O,N,. Several crystalline 
derivatives of these alkaloids were described, and it was also shown 
that emetine gave on oxidation 6:7-dimethoxyisoquinoline-1- 
carboxylic acid, whence it followed that these three alkaloids belong 
to the large class of naturally occurring bases derived from 
soquinoline.* 

* After the above paper had been written, but before its publication in 
the Transactions, O. Hesse (Annalen, 1914, 405, 1) recorded the results of an 
investigation on the same subject, and these were briefly discussed in an 
addendum to the first part of this research (loc. cit., p. 1637). Hesse con- 
med the formula C,,H,,0,N, which he had previously (Pharm. J., 1898, 

R* 2 
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Emetine has been largely employed for the treatment of amebic 
dysentery in the Expeditionary Forces operating in hot climates, 
and has proved to be of great use. In some cases, however, the 
ameebee responsible for the disease or its complications are not 
destroyed before the patient begins to show signs of emetine 
poisoning. It was therefore important to seek for deriy- 
atives of emetine, in which the relative toxicity to amebe 
arid man should be greater than in the parent substance, 
An investigation of the alkaloids of ipecacuanha and their 
derivatives on these lines was planned in collaboration with 
Dr. (now temporary Lt.-Col.) C. M. Wenyon, of the Wellcome 
Bureau of Scientific Research, but was interrupted by his departure 
on active service. In view of the urgency of the matter, a number 
of substances were then submitted to Dr. H. H. Dale, F.R.S., of 
the staff of the Medical Research Committee, who, in connexion 
with an investigation then in progress in collaboration with Mr. 
C. C. Dobell, had the opportunity of testing the direct action of 
these substances on Entamoeba histolytica. Dr. Dale also made a 
preliminary survey of the toxic properties of these substances for 
the higher animals, and the two which seemed most promising 
have been submitted to clinical trial. The full results will be 
published later, but it may be recorded here that none of the 


compounds examined appeared to have important advantages over 
emetine therapeutically.* 


[iv], 7, 98) assigned to cephaeline, and also arrived at the same formula as 
we did for psychotrine, namely C,,H,,0,N,, but put forward for emetine 
the formula C,,H,,O;N,. Since, however, we have shown that emetine is 
the monomethyl ether of cephaeline, Hesse’s formula for cephaeline, which 
agrees with ours, supports our formula for emetine, C,9,H,,0,N,. Quite 
recently this formula has been confirmed by P. Karrer (Ber., 1916, 49, 2057), 
who also claims to have discovered independently that cephaeline yields 
emetine on methylation, and states that delay in consequence of the war 
was responsible for his failure to become acquainted with our results before 
he had completed his work. It may therefore be well to emphasise our 
priority in these discoveries by pointing out (1) that the formation of emetine 
by the methylation of cephaeline was the subject of British Patent No. 14677 
of 1913, applied for by Wellcome, Carr,and Pyman on June 25th, 1913, 
published early in January, 1914, and referred to by title in the patent list of 
the Chemiker Zeitung of January 22nd, 1914, p. 107; (2) that the formula 
for emetine, C,,H,,0,N,, was first proposed in our preliminary note (P., 1913, 
29, 226) communicated to the Society on June 19th, 1913, whilst the full 
details of the whole work were described in our paper (T., 1914, 105, 1591) 
published in June, 1914, and abstracted in the Chemisches Zentralblatt ol 
September 23rd, 1914, p. 787. References to our work were therefore available 
in Germany nearly two years before the publication of Karrer’s results. 

* Clinical results with methylemetine sulphate have been recorded by 
G. C. Low, Brit. Med. J., November 13th, 1915, 715, and ©, M. Wenyon and 
F, W. O’Connor, J. Roy. Army Med. Corps, 1917, 28, 473. 
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The present communication (1) describes the isolation of two 
new alkaloids from ipecacuanha, and shows that one of them is 
the 0-methyl ether of psychotrine, and (2) gives a more complete 
account of NV-methylemetine and the methine derived from its 
methiodide. 

(1) Since the isolation and separation of the three alkaloids, 
emetine, cephaeline, and psychotrine, from ipecacuanha by Paul 
and Cownley (Pharm. J., 1894, [iii], 25, 111, 373, 690), there have 
been indications in the literature of the presence of other alkaloids 
in the bark. 

Merck (Merck’s Report, 1894, p. 48) has stated that the non- 
phenolic ether-soluble alkaloids contain, besides emetine, another 
base, forming amorphous salts, whilst the phenolic ether-soluble 
alkaloids contain, in addition to cephaeline, a base which does not 
crystallise. 

Hesse (loc. cit.) has recently described two new alkaloids, hydro- 
ipecamine and ipecamine, both of which accompany emetine, as 
they are non-phenolic and soluble in ether, but differ from it in 
failing to yield crystalline hydrobromides. The method of separa- 
tion of these bases from emetine and from each other, and also 
the description of their properties, are not such as to inspire con- 
fidence in their homogeneity. The essential features of the separa- 
tin are as follows: an aqueous solution of the mixed hydro- 
bromides was mixed with sodium bromide, when the hydrobromides 
of emetine and hydroipecamine were precipitated, whilst ipecamine 
hydrobromide remained in solution. The precipitate was then 
recrystallised from water, when emetine hydrobromide crystallised 
out, leaving a solution of hydroipecamine hydrobromide. Hydro- 
ipecamine, C,;H.9(OMe),ON,, was precipitated by ammonia from 
aid solution in white flakes, which soon become dense and 
“apparently crystalline.” It sintered at 85°, melted at 91—92°, 
and had [a] —42°2° (ce=2 in 99 per cent. alcohol). No crystal- 
line salt was obtained, but the benzoyl derivative was stated to 
appear distinctly crystalline under a magnification of 1100. 
Ipecamine, C,;H»,(OMe),ON,, is stated to be a white, crystalline 
powder melting at 89—90°, and having [a] —22°5° (e=2 in 99 
per cent. alcohol). Several salts and a benzoyl derivative were 
prepared, but none was obtained in a crystalline form. The com- 
bined yields of hydroipecamine and ipecamine from different com- 
mercial varieties of ipecacuanha were given, but the figures have 
little value, since they represent nothing more than the difference 
between the yield of non-phenolic ether-soluble alkaloids and the 
yield of emetine isolated in the form of the crystalline hydro- 
bromide, Their presentation, however, is interesting in showing 
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that Hesse considers that the three alkaloids comprise the nop- 
phenolic ether-soluble alkaloids of ipecacuanha. The present author 
is now able to show that this view is erroneous. 

The non-phenolic ether-soluble alkaloids of ipecacuanha were 
converted into the hydrobromides and crystallised from water, 
when emetine hydrobromide separated. The mother liquors 
remaining after the separation of this salt were mixed with aqueous 
sodium hydroxide and extracted with chloroform. After removal 
of the solvent, the regenerated base was dissolved in alcohol and 
mived with half its weight of hydrated oxalic acid dissolved in hot 
alcohol, when a deposit of a crystalline hydrogen oxalate was 
obtained. This salt was obtained from all the commercial varie 
ties of ipecacuanha examined, namely, Matto Grosso, Minas, 
Cartagena, and Johore, the yields being 0°03 to 0°06 per cent. of 
the weight of the bark, whilst the specific rotatory power of the 
crude salt varied from +34° to +38°. The crude salt is a mix- 
ture of the hydrogen oxalates of two new alkaloids, consisting 
principally of the hydrogen oxalate of a base which is shown below 
to be the O-methyl ether of psychotrine, but containing also the 
hydrogen oxalate of another base, which has been designated 
emetamine. The separation of these alkaloids presented some 
difficulty ; fractional crystallisation of the hydrogen oxalates and 
hydrobromides proved unsatisfactory, but a proportion of the 
methylpsychotrine could be isolated by crystallisation of the 
sulphate. Eventually, however, it was found to be more 
advantageous to separate the alkaloids by fractional extraction 
with dilute acid from chloroform solution, when methylpsychotrine, 
being more basic, is removed first. It is then purified by crystal- 
lisation of the sulphate, which separates from water in large, well- 
formed, colourless prisms containing 7H,O; it has also been 
obtained asa crystalline powder containing 1H,O. Whilst the 
salt is colourless in the solid state, its concentrated aqueous solu- 
tion is pale yellow; on dilution, the solution shows a beautiful 
blue fluorescence. The hydrobromide, hydriodide, nitrate, and 
hydrogen oxalate were also obtained in a crystalline form, the last 
when pure having [a],, + 41°9° for the air-dried crystals. The base 
has not been obtained crystalline, but a determination of its specific 
rotatory power in commercial absolute alcohol gave [a], +439. 
It is much more readily soluble in dry ether than in wet ether, 
probably combining with water to form a hydrate, as does 
psychotrine. 

It will be observed that methylpsychotrine, like psychotrine, is 
dextrorotatory, both as free base and in the form of salts. More 
over, the specific rotatory power of the sulphates of both alkaloids 
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remains constant at different concentrations, and the specific rota- 
tory power of the basic ion of methylpsychotrine salts is very little 
different when calculated from the specific rotatory power of the 
sulphate, hydrobromide, and acid oxalate, the figures being 
[a]p + 65°29, + 64°2°, and +63°2° respectively. These results may 
be contrasted with those previously obtained with emetine and 
cephaeline. 

Analyses of the sulphate, hydrobromide, and hydrogen oxalate 
were carried out, and showed that the alkaloid had the composition 
C,gH,,0,N., contained four methoxyl groups, but no N-methyl 
group, and was a diacidic base. These facts at once gave rise to 
the suspicion that it was the O-methyl ether of psychotrine, and 
this structure was established by the partial synthesis of the com- 
pound by the methylation of psychotrine. 

Methylpsychotrine is also formed by the gentle oxidation of 
emetine by means of alcoholic iodine, but the yield is small. 
When emetine is oxidised with two atomic proportions of iodine, 
the ensuing reaction takes the course represented by the following 
equation to the extent of only about 5 per cent.: 

CygH yO,N, + I, = Co9H3,0,No,2H1 
Emetine. Methylpsychotrine hydriodide. 
A large proportion of the emetine is recovered unchanged, and 
another portion undergoes a more profound oxidation, with the 
production of a substance similar in properties to rubremetine, 
the product obtained by the oxidation of emetine with aqueous 
ferric chloride (Carr and Pyman, T., 1914, 105, 1627). This 
result had been obtained before the author was aware of Karrer’s 
paper in which the oxidation of emetine with a larger proportion 
of iodine is described. Karrer isolated a golden-yellow compound 
which had the formula C,.H;,0,N,.I (+ one or two atoms of 
hydrogen), contained one non-basic and one quaternary nitrogen 
atom, and melted at 177—179°. He considered that this salt, 
which he named dehydroemetine iodide, was not identical with 
rubremetine hydriodide, a compound which we described as 
forming bright red needles having the formula C,.H,,0,N,I, 
containing one non-basic and one (probably) quaternary 
nitrogen atom, and melting from 177° (corr.) onwards. 
Karrer’s conclusion that the two substances were different was 
based on a supposed greater basicity of his compound, for he found 
that dehydroemetine iodide could be crystallised from aqueous 
sodium hydroxide unchanged, whilst. we had found that aqueous 
sodium hydroxide contained chloride after shaking with a solution 
of rubremetine hydrochloride in chloroform. The present author 
has now carried out the oxidation of emetine with eight atomic 
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proportions of iodine (Karrer used rather less), and isolated 
rubremetine from the products of the reaction in the form of its 
hydrochloride. This salt proves to have the properties previously 
described. Moreover, a specimen of rubremetine hydriodide, pre 
pared from rubremetine hydrochloride resulting from the oxida. 
tion of emetine with ferric chloride, could be crystallised unchanged 
from aqueous sodium hydroxide. There is, therefore, no longer 
any reason to suppose that Karrer’s dehydroemetine iodide is other 
than rubremetine hydriodide. . 

Methylpsychotrine, like emetine, yields rubremetine on gentle 
oxidation. In an attempt to prepare dibromoemetine by the addi- 
tion of a molecular proportion of bromine to methylpsychotrine 
in cold chloroform solution, half the methylpsychotrine was 
recovered unchanged, whilst a portion had become oxidised to 
rubremetine hydrobromide. With three molecular proportions of 
bromine, the theoretical quantity required for the conversion of 
methylpsychotrine into rubremetine hydrobromide, a yield of the 
latter amounting to 48 per cent. of the theoretical was obtained. 
Emetine also yields rubremetine on treatment with bromine in 
cold chloroform solution. 

It was shown in the previous paper that psychotrine gave a 
mixture containing cephaeline and isocephaeline when reduced 
with sodium and alcohol. It was therefore to be expected that 
methylpsychotrine would yield emetine and an _isomeride, 
isoemetine, under similar conditions. This has proved to be the 
case, the emetine being identified as hydrobromide, and by the 
formation from it of V-methylemetine and benzoylemetine ; whilst 
isoemetine, although not yet isolated in the form of a pure salt, 
has been shown to be present by the isolation of benzoyliso 
emetine, a  well-crystallised derivative having the formula 
Co9Hgg0,N,Bz. The reduction of methylpsychotrine by means of 
sodium and alcohol leads to other substances besides emetine and 
isoemetine. On the one hand phenolic bases are formed, and on 
the other a new crystalline base, which may be temporarily named 
base C.* This base appears to be derived from methylpsychotrine, 
emetine, or isoemetine by the displacement of one of the methoxy- 
groups of the molecule by a hydrogen atom, and probably has the 
formula C,,H,,0,N,. It is non-phenolic, contains three methoxyl 


* The letters A and B were employed in the first part of this research 88 
temporary marks of identification for two oxidation products of cephaeline. 
The author prefers to designate degradation products in this way with the hope 
that further work may elucidate their constitution and enable them to be 
named correctly, rather than to coin arbitrary names for them at the present 
stage of the work. 
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groups, and is a diacidic base forming a crystalline, monacidic 
N-benzoyl derivative. Analyses of the base, its sulphate, hydrogen 
oralate, and benzoyl derivative gave results which are intermediate 
between those required for the above formula and C.,H;,0;No. 
For the present it must remain undecided whether the compound 
js the demethoxy-derivative of methylpsychotrine, emetine, or 
issemetine, but it may be recorded that it could not be detected 
in the product obtained by the vigorous action of sodium and 
either ethyl or amyl! alcohol on emetine. 

When heated with benzoic anhydride, methylpsychotrine yields 
a colourless, monobasic N-benzoyl derivative which crystallises 
from ether with one molecule of ether of crystallisation, and from 
benzene with one molecule of benzene of crystallisation. It there- 
fore follows that methylpsychotrine, and consequently psychotrine 
itself, contains an imino-group. This grouping has previously 
been recognised in psychotrine by Hesse (Joc. cit.), who prepared 
an amorphous dibenzoyl derivative of psychotrine. The opinion 
expressed in our previous paper, that psychotrine was a ditertiary 
base, has therefore proved to be incorrect. The formation of 
cephaeline and isocephaeline by the reduction of psychotrine, and 
of emetine and tsoemetine by the reduction of methylpsychotrine, 
is consequently due to the reduction of a C:C, and not of a C:N 
linking. The occurrence of two isomeric forms of the reduced 
base in each case indicates that at least one of the carbon atoms 
of the group C°C is rendered asymmetric by the addition of 
hydrogen. 

The relations of methylpsychotrine to the previously known 
alkaloids of ipecacuanha are now clear, and the interconversions 
of the four alkaloids, which have been realised experimentally, 
may be recorded diagrammatically as follows: 


i Methylation : 
Cephaeline a Emetine 


+ He H +H 
| , 2 | 2 


Psychotrine Methylation Methylpsychotrine 


Emetamine was isolated in a partly purified condition from the 
least basic fraction of its mixture with methylpsychotrine. It was 
purified by crystallisation of the hydrobromide, liberation from 
this, and crystallisation as base, when it formed colourless needles 
which melted at 155—156° (corr.). Analyses of the base, hydro- 
bromide, and hydrogen ovalate gave figures intermediate between 
those required for the formule. C.,HO,N, and CyH4,0,N>. 
Emetamine contains four methoxyl groups, but no W-methyl group, 
18 non-phenolic, and a diacidic base. It does not yield a benzoyl 
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derivative when heated with benzoic anhydride, but remains yp. 
changed. On reduction with sodium and alcohol, it gives a pro- 
duct which, after benzoylation, yields a small quantity of benzoy!- 
isoemetine. It is therefore probable that emetamine has the 
formula C9H,,0,N,, and differs from emetine in containing two 
unsaturated linkings, one of them connecting two carbon atoms 
and the other a carbon and a nitrogen atom. It does not, however, 
appear to be an intermediate product between methylpsychotrine 
and rubremetine, for it is not contained amongst the products of 
the oxidation of emetine with iodine, or of methylpsychotrine with 
bromine, where its presence would be indicated by a low specific 
rotatory power of the methylpsychotrine hydrogen oxalate formed 
or recovered. 

The base is dextrorotatory, having [a], +12°3° in absolute 
alcohol, whilst the salts are levorotatory. The specific rotatory 
powers of the basic ion of emetamine salts in aqueous solution are 
widely different when calculated from those of the hydrobromide 
and hydrogen oxalate; thus, for a concentration of 2°6 per cent. 
of alkaloid in each case, the specific rotatory power of the basic 
ion calculated from that of the hydrobromide is [a], —35°3°, and 
from that of the hydrogen oxalate [a], —8°9°. Emetine salts have 
previously been shown (T., 1914, 105, 1598) to give similar 
results. 

The original material, the crude hydrogen oxalate, does not 
appear to contain other alkaloids besides methylpsychotrine and 
emetamine, and consequently, since the specific rotatory power of 
the hydrogen oxalates of the pure alkaloids, as well as that of the 
mixture, is known, it is possible to calculate the proportion of each 
present. It is thus found that the different commercial varieties 
of ipecacuanha contain from 0°015 to 0°033 per cent. of methyl- 
psychotrine and 0°002 to 0°006 per cent. of emetamine, expressed 
as alkaloid in each case. Since the hydrobromides of both 
alkaloids are precipitated by sodium bromide, they are probably 
constituents of Hesse’s hydroipecamine hydrobromide. They can- 
not, however, form a large proportion of this substance, since the 
free bases are dextrorotatory, whilst hydroipecamine is levo 
rotatory under the same conditions. 

(2) A further study of V-methylemetine and its salts has been 
made. Fractional crystallisation of a large quantity of the hydro 
bromide brought about no separation, the first and last fractions 
both having the properties previously described for this salt. 
The base has not been obtained in a crystalline form, but an 
approximate determination of its specific rotatory power in chloro 
form gave the figure [a], —53°. The sulphate has now been 
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crystallised, and the analyses of this salt confirm the formula, 
CypH,.O,No, previously put forward for N-methylemetine. 

Some preliminary experiments on the degradation of emetine 
by Hoffmann’s method have been made. Hesse (loc. cit.) first 
prepared the methine from emetine by treating methylemetine 
methiodide with silver hydroxide and evaporating the solution. 
The crude methine was then dissolved in aqueous acetic acid and 
precipitated by ammonia, when it was obtained as a white powder 
melting at 52°, which is described as apparently crystalline. On 
analysis, it gave figures (C=71'48; H=8'24) in agreement with 
those required for the formula C,,H,,O;N., which Hesse attributed 
to it. 

This formula for the methine differs considerably in carbon con- 
tent from that required by our formula for emetine, and it was 
therefore necessary to repeat the preparation of the methine. 
This was accordingly done (in March, 1915), but, in the meantime, 
Karrer (loc. cit.) has also prepared and described the methine. 
He evaporated a solution of the methohydroxide first under 
normal pressure and then in a vacuum, and distilled the residue 
under 3 mm. pressure, when it formed a glassy mass. The distil- 
late was dissolved in ether and treated with gaseous hydrogen 
chloride, when the methine hydrochloride was precipitated. 
Analyses of this salt led to the formula C,,H,,O,N,,2HCl, which 
corresponds with the formula C.gH,,O,N, for emetine. It will be 
observed that neither Hesse nor Karrer established the purity of 
their preparations of the methine by recrystallisation of the base 
or a salt, and were therefore unable to prove the homogeneity of 
their compounds. It might appear that their failure to crystallise 
the methine was due to this substance being a mixture of stereo- 
isomerides. Karrer has shown that one of the nitrogen atoms of 
the emetine molecule is a tertiary nitrogen atom common to two 
ring complexes like the nitrogen atom in canadine, and the author 
has shown previously (T., 1913, 108, 817) that the degradation of 
canadine by heating the methohydroxide in a vacuum on the 
water-bath yields a mixture of three isomeric methines. It was 
therefore possible that methylemetine methohydroxide would 
behave similarly, and that consequently the methines of Hesse and 
Karrer were mixtures of isomerides. The present investigation, 
however, has shown that the total methine consists mainly, if not 
entirely, of an individual substance. The methine was prepared 
by evaporating a solution of the methohydroxide in a vacuum. A 
large number of its salts were prepared, and eventually one, the 
neutral oxalate, became crystalline. This salt crystallises very 
well from water, in which it is readily soluble, and was purified 
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by this means, a yield of 77 per cent. of the theoretical being 
obtained. On analysis, it proved to have the composition 
CspHyg0,N2,C,H,O,,74H,0. When dissolved in water and pre 
cipitated by ammonia, it yields the base as a white powder which 
melts at 45—55°. Hesse’s view that the methine is apparently 
crystalline cannot be confirmed, for no structure was apparent 
under the microscope, and the white powder gradually set to a 
glass-like mass on keeping. Analyses of the base prepared from 
the pure oxalate gave figures in agreement with those required for 
the formula C,,H,,0,N., and thus serve to confirm the formula 
C.5H,O,N, for emetine, from which the methine is derived as 
follows: 

CopHO.No —> CypHyO,N, —> CyeH,s0,N,(OH), —> 

Emetine. N-methylemetine. N-methylemetine 

methohydroxide. 
Cs2HygO,N> 


N-methylemetinemethine. 


EXPERIMENTAL. 


Isolation of Methylpsychotrine and Emetamine from Ipecacuanha. 


In the preparation of emetine, the alkaloids of ipecacuanha are 


dissolved in ether and the solution is extracted with dilute aqueous 
sodium hydroxide to remove cephaeline and other phenolic sub 
stances. The non-phenolic alkaloids remaining in the ethereal 
solution are then converted into hydrobromides and crystallised 
from water, when emetine hydrobromide separates. The mother 
liquors gradually deposit further crops of this salt after being con- 
centrated and kept. When the separation of the crystals is com- 
plete, the bases are regenerated into ether or chloroform, and 
the solvent is removed. The remaining syrup (1 part) is dis 
solved in alcohol (2 parts) and mixed with a hot solution of 
hydrated oxalic acid (0°5 part) in alcohol (5 parts), when a hydro- 
gen oxalate separates in small rosettes of fine needles. All the com- 
mercial varieties of ipecacuanha root give a crystalline oxalate in 
this way, and the yields obtained from the different varieties are 
recorded below, together with the specific rotatory power of the 
air-dried material in aqueous solution. The crude salt has no 
sharp melting point, but sinters and melts without flowing from 
145° to 150° after drying in a vacuum over sulphuric acid. It is 4 
mixture of the hydrogen oxalates of methylpsychotrine and emet- 
amine, which, when pure, have the specific rotatory powers 
[a], +41°9° arid —6° respectively in the air-dried state. Since no 
other alkaloid appears to be present, the yields of the two bases 
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from the different varieties of ipecacuanha can be calculated, and 
these results are also given in the following table: 


Yield of air-dried Methy]l- 
hydrogen oxalate. [a]p. psychotrine. Emetamine. 
Per cent, er cent. Per cent. 
Matto Grosso (1) ... 0-039. +35° 0-022 
 _ 0-059 +34-1° 0-033 
0-026 +36-5° 0-015 
0-038 +35° 0-021 
0-048 +35-6° 0-028 


” ted 


On another occasion the crude hydrogen oxalate from Matto 
Grosso root had [a],, + 37°7°. 

Various methods were tried for the separation of the alkaloids 
from each other. Fractional crystallisation of the hydrogen 
oxalates from water effected very little separation as a rule, but 
occasionally first crops with [a], about +33° were obtained. 

Fractional crystallisation of the hydrobromides from aqueous 
solution slowly effected the separation of a hydrobromide of lower 
specific rotatory power. Thus, in a series of fractional crystallisa- 
tions of the crude salt from two to four parts of water, the specific 
rotatory power of the first crop fell as follows: from + 35°, to 
+31°, +2759, +21°, and +17°1°, a quantity of more than 
300 grams of the mixed hydrobromides giving 10 grams of salt 
having [a], +17°1°. Further purification of this salt was suspended. 
There were then obtained, after about fifty crystallisations, 
62 grams in various crops having [a], from +27° to +38° and 
190 grams haying [a], about +45°, calculated in this case for the 
anhydrous salt. Finally, the mother liquors were converted into the 
hydrogen oxalate, giving 43 grams having [a], +41° for the air- 
dried salt. Comparison of these figures with the specific rotatory 
powers of the pure salts of methylpsychotrine shows that this base 
was concentrated in the later fractions, the last consisting of nearly 
pure methylpsychotrine hydrogen oxalate. 

Fractional crystallisation of the sulphates from water gave a 
better result, the sulphate of methylpsychotrine separating in large, 
colourless prisms, which were readily purified by crystallisation 
from water, but only a fraction of the methylpsychotrine could be 
isolated in this way. 

Eventually a suitable method of separation was found in frac- 
tional extraction of the bases from their solution in chloroform by 
means of dilute sulphuric acid, when methylpsychotrine, the more 
basic of the two, is removed first. This was carried out in the 
following manner. 

Six hundred grams of the crude hydrogen oxalate having 
{a],, +37°7° were basified with sodium hydroxide and extracted 
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with chloroform. The chloroform solution was extracted with 
61'5 grams of, sulphuric acid (three-quarters of the calculated 
amount) in 1200 c.c. of water and separated from the chloroform 
solution (A), the acid solution being washed with chloroform and 
the chloroform solution with water. The base was liberated from 
the acid extract by sodium hydroxide and extracted with chloro. 
form, and again about three-quarters of the amount was extracted 
by means of dilute sulphuric acid, leaving a chloroform solution 
(B). The aqueous solution of the sulphate was evaporated to dry- 
ness on the water-bath under diminished pressure, boiled with a 
little alcohol, and again evaporated to dryness, the last two opera- 
tions being repeated until the residue appeared wholly crystalline, 
It was then boiled with a large volume of alcohol, and the insoluble, 
nearly colourless, crystalline powder was collected. This was the 
monohydrate of methylpsychotrine sulphate, and amounted to 306 
grams having [a], +50°8°. Further fractionation in the same 
manner gave a first crop, having the specific rotatory power of the 
pure salt, [a], +53°, which was then purified from a little colouring 
matter by crystallisation from its own weight of hot water, when 
the pure heptahydrate separated in large, colourless crystals. The 
chloroform solution (B) was distilled to remove the solvent and 
the residue was converted into the hydrogen oxalate, when 92 grams 
of the mixed hydrogen oxalates having [a], + 37°6° were obtained. 

The chloroform solution (A) was extracted three times with 5 per 
cent. aqueous sulphuric acid, using 100 to 110 c.c. each time, and 
the extracts were evaporated to give the monohydrate in the 
manner described above. They gave respectively 27°8 grams, 
[a], +51°2°; 32°6 grams, [a], +49°4°; and 28°1 grams, [a], +32°6°. 
The remaining chloroform was then distilled, and the residue con- 
verted into the hydrogen oxalate, when 17°6 grams _ having 
[a], —1°4° were obtained. Further fractionation of this material 
gave a small amount of dextrorotatory hydrogen oxalate, and 
finally a number of fractions having [a], —5°. This partly purified 
emetamine hydrogen oxalate was dissolved in water, basified by 
aqueous sodium hydroxide, and extracted with ether. After drying 
the ethereal extract with anhydrous potassium carbonate and dis 
tilling the solvent, the residue was converted into the hydrobromide 
and crystallised fractionally from water. Finally, the base was 
regenerated from the hydrobromide by shaking with chloroform 
and aqueous sodium hydroxide. After distilling the chloroform, 
the base remained as an oil which soon became crystalline, and was 
purified by recrystallisation from ethyl acetate. 
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The Properties of O-Methylpsychotrine and its Salts. 


The base has not been obtained in a crystalline form. It is 
readily soluble in chloroform, or in dry ether, but sparingly so in 
moist ether. When an aqueous solution of a methylpsychotrine salt 
is made alkaline, somewhat large quantities of ether are necessary 
to extract the base, but the ethereal solution when dried can be 
concentrated to a small volume without any separation taking 
place. This behaviour suggests that methylpsychotrine combines 
with water to form a hydrate, as does psychotrine. An ethereal 
solution of the base is colourless at first, but gradually becomes 
brown on keeping or when concentrated on the water-bath. Solu- 
tions of the base in organic solvents are not fluorescent, but dilute 
aqueous solutions of the salts are fluorescent. Methylpsychotrine is 
precipitated as a viscous oil on the addition of alkalis to aqueous 
solutions of its salts; it is soluble in excess of ammonia, but not 
in excess of sodium carbonate or hydroxide. It dissolves in con- 
centrated sulphuric acid, giving a very pale yellow solution tinged 
with green ; on the addition of a drop of nitric acid to this solution 
the colour becomes orange-brown. The base dissolves in Froehde’s 
reagent, giving an emerald-green solution. 

An approximate determination of the specific rotatory power of 
the base was made in commercial absolute alcoholic solution in the 
following manner. A quantity of the pure sulphate was regenerated 
to ether by sodium carbonate. The ethereal solution was dried with 
anhydrous potassium carbonate and distilled on the water-bath 
first under normal and finally under diminished pressure to remove 
the ether. The nearly colourless residue was dissolved in commercial 
absolute alcohol and made up to 50 c.c. Five c.c. of this required 
810 c.c. of V/10-sulphuric acid, using cochineal, whence ¢=3°876 : 

a, +3°40°; c=3°876; /=2-dem.; [a], + 43°99. 

After diluting 14°5 c.c. of this solution to 27°0 c.c., the following 
result was obtained : 

a, +1°92°; e=2°081; /=2-dem.; [a], + 46°1°. 

Methylpsychotrine sulphate crystallises from water in large, hard, 
colourless prisms containing 7H,O. It is soluble in little more than 
its own weight of water, giving a pale yellow solution, which is 
neutral to litmus and has a bitter taste. Dilute solutions show a 
beautiful blue fluorescence. The crystals of the heptahydrate have 
triboluminescent properties, giving a blue flash when ground 
in the dark. On heating, the air-dried salt softens and loses 
water at 80—100°, turns yellow at about 220°, and melts and effer- 
vesces at 247° (corr.). After dehydration under diminished pressure 
over sulphuric acid, however, it remains as an amorphous powder, 
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which becomes pink-coloured in the light, and softens and becomes 
transparent at 160—170° (corr.). 

Found, in the air-dried salt: H,O=18'1, 17°9, 18:0; SO,=13°9, 
C,H ,,0,N>,H,SO,,7H,O(702°7) requires H,O=17°9; 
SO,=13°7 per cent. 

The specific rotatory power of the air-dried heptahydrate was 
determined in aqueous solution : 

a, +7°15°; c=8'062; 1=2-dem.; [a], +44°4°. 

a, +3°67°; c=4°132; 1=2-dem.; [a], +44°4°, whence for the 

anhydrous sulphate [a], is +54°1°. 

Methylpsychotrine sulphate can also be obtained as a mono- 
hydrate in the following way. A concentrated filtered solution of 
the heptahydrate is quickly evaporated to dryness on the water- 
bath under diminished pressure, and the amorphous residue is 
boiled with commercial absolute alcohol, when the salt dissolves 
and quickly separates as a colourless, crystalline powder. After 
drying under diminished pressure over suphuric acid, this salt 
begins to turn yellow at about 220° and melts and effervesces at 
247° (corr.). 

Found, in the air-dried salt: H,O=3:1, 34; C=582; H=7'1. 
Cy9H,0,N,,H,SO,,H,0(594°6) requires H,O=3'0; C=58'6; 
H=7'1 per cent. 

Found, in the dried salt: C=60°2; H=7°2. 

Cy9H3g0,No,H,SO, (576°5) requires C=60°4; H=7°0 per cent. 

The specific rotatory power of the air-dried monohydrate was 
determined in aqueous solution : 

a, +4°42°; c=4:195; 1=2-dem.; [a], +52°7°, whence for the 

anhydrous sulphate [a], is +54°3°. 

Methylpsychotrine hydrobromide crystallises from water in pale 
yellow, silky needles. After drying in the air it contains a variable 
amount of water of crystallisation. 

Found, in the air-dried salt: H,O=10°5, 16°9, 18°7. 

C.9H,,0,N,,2HBr + 4H,O requires H,O=10°1; +8H,O requires 

H,O=18°4 per cent. 


After drying in a vacuum over sulphuric acid this salt has no 
sharp melting point, but softens and becomes transparent from 
about 190° to 200° (corr.). 

Found, in the dried salt: C=54-1, 54:1, 54:7; H=6°8, 6°9, 65; 
Br= 24°95, 24°83; OMe=19°5, 19:0; NMe=0. 
CxpHyg0,N>,2HBr (640°3) requires C=54°4; H=6'3; Br=24'96; 
40Me=19°4 per cent. 
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The specific rotatory power of the anhydrous salt was determined 
in aqueous solution : 

a, +1°58°; c=1°645 ; 7=2-dem. ; [a], + 48°0°. 

This salt is very readily soluble in water. It is precipitated from 
its concentrated aqueous solutions by a saturated solution of sodium 
bromide, separating as an oil which crystallises on keeping. 

Methylpsychotrine hydrogen oxalate separates from alcohol in 
small rosettes of fine, white needles, which contain 34H,O. After 
drying in a vacuum over sulphuric acid, it begins to soften at about 
150°, gradually melts up to 155°, and effervesces at 162° (corr.). 
It is readily soluble in water, but very sparingly so in alcohol. 

Found, in the air-dried salt: loss at 110°, H,O=8'5. 

Cy9H.0,N2,2C,H,O4,34H,O (721°6) requires H,O=8°7 per cent. 

Found, in the salt dried at 110°: C=60°0, 60°0; H=6'6, 6°5. 

CygHyg0,N,2C,H,O, (658°5) requires C=60°2; H=6°4 per cent. 

The specific rotatory power of the air-dried salt was determined 
in aqueous solution : 

a, +3°57°; e=4'265; 1=2-dem.; [a], +41°9°, whence for the 
anhydrous salt [a], is +45°9°. 

Methylpsychotrine hydriodide and nitrate also crystallise well. 


The Methylation of Psychotrine. Formation of Methylpsychotrine. 


A small quantity of psychotrine was methylated by the method 
previously described (T., 1914, 105, 1624), and the non-phenolic 
alkaloid, which was extracted by ether, was converted into the 
hydrogen oxalate The small quantity available (0°5 gram) did not 
allow of complete purification, but sufficed to establish the identity 
of the substance. It formed small rosettes of fine needles, readily 
soluble in water, but very sparingly so in alcohol. 

After drying in a vacuum, it began to soften at 150° and formed 
a viscous, translucent mass on further heating. 

The specific rotatory power of the air-dried hydrogen oxalate was 
determined in aqueous solution: 

@, +2°02°; c=2°451; l=2-dem.; [a], +41°2°. 

The base was then regenerated and converted into the sulphate 
(monohydrate), which, after drying, melted at 241°, the pure 
natural salt melting at 246° and the mixture at 242° (corr.) in the 
same bath. 

The specific rotatory power of the dried sulphate was determined 
in aqueous solution : 

@ +1°25°; c=1°179; J=2-dem.; [a], +53°0° for the anhydrous 

salt. 

Finally, the salt recovered from this determination was allowed 
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to crystallise from water, when it formed the characteristic pris. 
matic crystals of methylpsychotrine sulphate heptahydrate, Thege 
had the correct melting point, sintering at about 80°, turning yellow 
at about 220°, and melting and effervescing at 247° (corr.). 


The Oxidation of Emetine with Alcoholic Iodine. Formation of 
M ethylpsychotrine and Rubremetine. 


(1) Using One Molecular Proportion of Iodine—A preliminary 
experiment having shown that the yield of methylpsychotrine was 
very small, it was necessary to establish the fact that none was 
contained in the starting material. Accordingly, 10 grams of 
emetine hydrobromide were recrystallised from 50 c.c. of water, 
when 9°0 grams of air-dried salt were obtained. The mother liquors, 
basified and extracted with ether, gave 0°5 gram of base, which 
was dissolved in 1 c.c. of alcohol, mixed with a solution of 0°25 gram 
of hydrated oxalic acid in 2°5 c.c. of alcohol, and kept. No crystals 
separated even after inoculating with a crystal of methylpsychotrine 
hydrogen oxalate. 

The 9°0 grams of emetine hydrobromide were then dissolved in 
water, basified with sodium hydroxide, and extracted with ether. 
The ethereal residue was dissolved in 80 c.c. of absolute alcohol, 
mixed with 3°2 grams of powdered iodine, and heated in an auto 
clave for four hours at 100°. The product was mixed with 200 c.c. 
of dilute sulphurous acid, and evaporated to about half its volume 
on the water-bath under diminished pressure. The solution, con- 
taining solid matter in suspension, was completely extracted with 
chloroform, and this was shaken well with dilute sodium hydroxide 
to liberate the free bases from the iodides of tertiary bases con- 
tained in it. The chloroform solution was then completely 
extracted with dilute hydrochloric acid, dried, and distilled, when 
it left 1°7 grams of dark brown resin. 

The acid extract was made alkaline with sodium hydroxide and 
extracted with ether. After distillation of the ether, 5°4 grams of 
alkaloid remained. This was converted into and crystallised as the 
hydrobromide, which was recrystallised once from a little water, 
when 4:0 grams of air-dried emetine hydrobromide were recovered. 
The mother liquors of the two crystallisations were basified with 
sodium hydroxide, and extracted with ether, when 1°5 grams of 
alkaloid were obtained. This material was dissolved in 3 c.c. of 
alcohol, mixed with a solution of 0°8 gram of hydrated oxalic acid 
in 8 cc. of alcohol, seeded with methylpsychotrine hydrogen 
oxalate, and kept, when rosettes of small needles separated. These 
were collected, and amounted to 0°23 gram after thorough washing 
with alcohol and drying in the air. 
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The identity of this substance with methylpsychotrine hydrogen 
oxalate was shown as follows. After drying at 100°, the substance 
sintered from 145° and gradually melted up to 150° (corr.), whilst 
a specimen of methylpsychotrine hydrogen oxalate sintered from 
150° and melted at 155° in the same bath, a mixture of the two 
compounds melting at an intermediate temperature. The air-dried 
hydrogen oxalate had the correct specific rotatory power in aqueous 
solution within the limits of experimental error: 


a, +0°85%; c=1°051; J=2-dem.; [a], + 40°4°. 


The base regenerated from a solution of the hydrogen oxalate 
was converted into the sulphate (monohydrate), when it was ob- 
tained as a colourless, crystalline powder, readily soluble in water, 
but sparingly so in absolute alcohol. After drying at 100°, it 
melted and decomposed at 247° (corr.), turning yellow earlier, 
whilst methylpsychotrine sulphate melted at 248° in the same bath 
and a mixture of the two substances at 247°. 

(2) Using Four Molecular Proportions of Iodine.—3'57 Grams of 
emetine hydrobromide were dissolved in water, basified with sodium 
hydroxide, and extracted with ether. After removing the solvent, 
the base was dissolved in 50 c.c. of absolute alcohol, mixed with 
5:08 grams of iodine, and heated in an autoclave for four hours at 
100°. The product was mixed with sodium carbonate solution, 
filtered, suspended in water, and treated with sulphurous acid. The 
golden-brown precipitate was then collected, and extracted repeat- 
edly with boiling water, until nearly all had dissolved. The aqueous 
solution, amounting to 1°5 litres, was boiled with excess of silver 
chloride, filtered through kieselguhr, and evaporated under dimin- 
ished pressure to a volume of about 50 c.c. A few c.c. of concen- 
trated hydrochloric acid were then added, when 0°55 gram of 
rubremetine hydrochloride separated in minute, orange-red needles. 
This salt was purified by dissolving it in chloroform, evaporating 
the solution to dryness, dissolving the residue in acetone, and adding 
water—the method previously described (T., 1914, 105, 1628) for 
the purification of rubremetine hydrochloride—when it separated in 
orange-red needles, which appeared scarlet when dry. The air-dried 
salt melted at 124° (corr.), whilst a specimen of rubremetine hydro- 
chloride, prepared by the oxidation of emetine with ferric chloride, 
melted at 127° (corr.) in the same bath, and a mixture of the two 
substances melted between these temperatures. After drying at 
100°, no difference between the melting points of the specimens 
from the two sources was observed, both melting and effervescing at 
about 173° (corr.) after sintering earlier. 

The aqueous filtrate from this salt was basified with sodium 
hydroxide and extracted with ether, when 0°6 gram of a mixture 
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of emetine with a little methylpsychotrine was removed. The 
liquor was then acidified with hydrochloric acid and extracted com. 
pletely with chloroform, which left 0°4 gram of residue on distilla- 
tion. This material gave a little more rubremetine hydrochloride 
on crystallisation from water. 


The Action of Bromine on Methylpsychotrine. Formation 
of Rubremetine. 


(1) Using One Molecular Proportion of Bromine.—Seven grams 
of methylpsychotrine sulphate heptahydrate were dissolved in 
water, basified with sodium carbonate, and extracted with chloro- 
form, the extract (about 100 c.c.) being dried with anhydrous 
potassium carbonate and filtered. To it a solution of 0°5 cc. of 
bromine in 40 c.c. of chloroform was added at the ordinary tempera- 
ture, and after five minutes the yellow solution was shaken with 
dilute ammonium hydroxide, dried with potassium carbonate, and 
distilled. The residue was extracted twice with 50 c.c. of boiling 
water, and the aqueous extracts were combined, filtered, and con- 
centrated, when 1°45 grams of air-dried rubremetine hydrobromide 
were deposited in minute, red needles melting at 115—120° (corr.). 
(Found, in dried salt: Br=14°2. Cale., Br=14'4 per cent.) 

The material, which was insoluble in water, was dissolved in 
dilute hydrochloric acid, made alkaline with ammonia, and ex- 
tracted with ether. The ether residue was dissolved in alcohol and 
mixed with alcoholic oxalic acid, when 3°3 grams of methylpsycho- 
trine hydrogen oxalate were recovered unchanged, having the 
correct melting point and [a], +41°5° for the air-dried salt in 
aqueous solution. 

(2) Using Three Molecular Proportions of Bromine.—A chloro 
form solution of the base from 7 grams of methylpsychotrine sul- 
phate heptahydrate was treated with a solution of 1°5 c.c. of 
bromine in chloroform and worked up as in the previous experi- 
ment, when 3°3 grams of air-dried rubremetine hydrobromide were 
obtained, a yield of 48 per cent. of the theoretical. 


N-Benzoyl-O-methyl psychotrine. 


Nine grams of methylpsychotrine sulphate (containing 7H,0) 
were dissolved in water, and the base was regenerated to ether by 
means of sodium hydroxide. The ethereal solution was dried with 
anhydrous potassium carbonate, filtered, and mixed with 12 grams 
of benzoic anhydride. The ether was then removed by distillation 
and the residue heated for three-quarters of an hour in the water- 
bath. It was then dissolved in ether and extracted with very 
dilute hydrochloric acid. The latter was washed with more ether, 
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then made alkaline with ammonia, and extracted with ether. The 
ethereal solution was dried with anhydrous potassium carbonate 
and distilled to a volume of about 30 c.c., when 5°2 grams of 
benzoylmethylpsychotrine separated, whilst the mother liquor gave 
a second crop of 1°0 gram. Both crops melted and effervesced at 
78—80° (corr.). The substance was purified by dissolving it in 
warm ether, filtering from a small quantity of amorphous matter, 
and concentrating the solution, when it formed hexagonal plates 
melting as before. 

The air-dried substance contains a molecular proportion of ether 
of crystallisation which is expelled at 60—85°/15 mm.; the base 
then remains in an amorphous form, and has no sharp melting 
point, but begins to sinter at about 100° and then gradually melts. 
The air-dried base containing ether of crystallisation only loses 
1—2 per cent. by weight when dried in a vacuum over sulphuric 
acid at the ordinary temperature. 


Found, in air-dried base: loss at 60—85°/15 mm., 11:5; 
C=73°0, 73°0; H=8-0, 8°0. 
CygHyO;No,Et,O (656°6) requires Et,;O=11'°3; C=731; 
H=8°0 per cent. 


Found in base dried at 60—85°/15 mm.: C=74'2; H=7°'5. 
CygHyO;No (582°5) requires C=74°2; H=7°3 per cent. 

The presence of a molecular proportion of ether in the air-dried 
base was confirmed by a determination of the alkyloxyl groups 
present by the modification of Zeisel’s method employed for very 
volatile compounds (Monatsh., 1886, 7, 406): 0°2604 air-dried base 
gave 0°5364 AgI, whilst the amount calculated for a substance, 
CyH;,0,N>, containing six alkyloxyl groups is 0°5586 AglI. 

The specific rotatory power of the air-dried base was determined 
in chloroform solution : 

@, +1°75°; c=2°389; 1=2-dem.; [a], +36°6°. 

Benzoylmethylpsychotrine, containing ether of crystallisation, is 
insoluble in water or dilute alkalis, but dissolves in very dilute 
acids. It is easily soluble in alcohol, acetone, ethyl acetate, benzene, 
or chloroform, sparingly so in cold ether, more readily so in hot 
ether, and very sparingly so in light petroleum. 

On crystallising this substance from benzene, the molecule of 
ether of crystallisation is replaced by a molecule of benzene. The 
substance is then obtained in colourless, hexagonal plates, which, 
when placed in a bath at 115°, begin to sinter at 120° and melt 
and effervesce at 135° (corr.). The air-dried crystals from benzene 
suffer no loss in a vacuum over sulphuric acid; when heated to 
100°, they lose about 4 per cent. by weight, but become discoloured. 
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Found, in the air-dried base: C=76°6, 76°9, 768; H=7:3, 75, 
774; OMe=19°2. 
C,H .0;N.,Cy,H, (660°6) requires C=76°3; H=7°3; 
40Me= 18'8 per cent. 

The base was titrated with sulphuric acid in aqueous alcoholic 
solution, using cochineal as indicator. The end-point was not sharp, 
but the result indicates clearly that the substance is monobasic: 

0°3857 air-dried base (from benzene) required 5°9 ¢¢, 

N /10-H,SO,; whence equivalent = 654. 

The specific rotatory power of this substance was determined in 

chloroform solution : 


a, +1°33°; c=1°818; 1=2-dem.; [a], + 36°6°. 


Reduction of Methylpsychotrine with Sodiwm and Alcohol. Isola- 
tion of Emetine, Benzoylisoemetine, and Base C. 


Fifteen grams of methylpsychotrine sulphate (containing 7H,0) 
were dissolved in water and the base was regenerated into ether. 
The ethereal residue was dissolved in 20 c.c. of absolute alcohol, 
15 grams of sodium were added, and the mixture was heated under 
a reflux condenser on the water-bath, whilst 200 c.c. of absolute 
alcohol were added slowly during one hour. A little water was then 
added to decompose a few undissolved fragments of sodium, followed 
by sufficient concentrated hydrochloric acid (about 75 c.c.) to 
acidify the liquor. The sodium chloride which separated was col- 
lected, washed with alcohol, and rejected. The filtrate was eva- 
porated to a small bulk under diminished pressure, and the residue 
dissolved in water. From this solution the bases were regenerated 
into ether, and separated into non-phenolic bases (7—8 grams) 
and phenolic bases (2—3 grams) in the usual way. 

The non-phenolic bases were dissolved in a hot solution of 
4 grams of hydrated oxalic acid in 100 c.c. of alcohol, and kept, 
when a pasty, crystalline mass separated. This was collected, 
washed with alcohol, drained on porous porcelain, and dried at 
100°. It amounted to 2°3 grams, and melted and decomposed at 
210° after sintering from 180°. On crystallisation from 20 c.. 
of boiling water it gave 1°4 grams of the crude hydrogen oxalate 
of base C, which melted and decomposed at 231°. The conversion 
of this into pure base C is described on p. 440. 

The alcoholic mother liquors of the hydrogen oxalates were dis 
tilled to remove alcohol, dissolved in water, and the bases regener- 
ated into ether by means of aqueous sodium hydroxide. The 
ethereal residue was dissolved in about 25 c.c. of water containing 
4°5 c.c. of 34 per cent. hydrobromic acid, and kept, when a qual 


PYMAN : THE ALKALOIDS OF IPECAOUANHA. [PART II. 439 


tity of crude emetine hydrobromide separated. After one crystal- 
lisation of the crude product from 10 c.c. of water, 2°5 grams of 
partly purified emetine hydrobromide were obtained. After several 
erystallisations from water this salt gave pure emetine hydro- 
bromide, which was identified by its appearance, melting point, 
specific rotatory power, and analysis; also by the preparation from 
it of benzoylemetine and N-methylemetine hydrobromide. 

The first mother liquor of the emetine hydrobromide was mixed 
with aqueous sodium hydroxide and extracted with ether, when 
2°6 grams of syrupy base (containing a little ether) were obtained. 
This material was redissolved in ether, mixed with 5 grams of 
benzoic anhydride, and heated for three-quarters of an hour on 
the water-bath, allowing the ether to escape. The residue was then 
redissolved in ether, and extracted with very dilute hydrochloric 
acid. The acid extract was washed twice with ether, then mixed 
with ammonia, and extracted with ether. The ethereal solution, 
when dried with anhydrous potassium carbonate, and distilled to 
a volume of about 50 c.c., began to deposit crude benzoylisoemetine, 
and, after keeping the solution overnight, 0°8 gram melting at 200° 
was collected. 


Benzoylisoemetine, CygHyO;No. 


After recrystallisation from acetone, this substance formed 
bundles of slender prisms which melted sharply at 207—208° 
(corr.). It is insoluble in water, very sparingly soluble in ether, 
sparingly so in cold alcohol, acetone, or ethyl acetate, but readily so 
in chloroform. It suffers no loss at 110°. Found, C=74'1, 73°9; 


H=7'6, 77; N=5°0; OMe=21°0. 
CygH,O;N, (5846) requires C=73'°9; H=7°6; N=4°8; 
40Me=21'2 per cent. 


0°3273 Gram dissolved in alcohol required 5°5 c.c. V/10-H,SO,, 
using cochineal; whence equivalent=595. The substance is there- 
fore monobasic. Direct proof of the presence of the benzoyl group 
in this compound was obtained by the hydrolysis of 0°5 gram of 
the substance with 10 c.c. of concentrated hydrochloric acid for 
three hours at 150°, and extraction of the liquid with ether, when 
009 gram of benzoic acid were obtained. Under the same condi- 
tions, 0°5 gram of benzoylemetine (T., 1914, 105, 1614) gave 
0'l gram of benzoic acid. 

The specific rotatory power of benzoylisoemetine was determined 
in chloroform solution : 


ay +2°07°; c=2°115; l=2-dem.; [a], +48°9°. 
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For comparison, the specific rotatory power of benzoylemetine 
was determined under the same conditions: 


a, —2°95; c=2°367; 1=2-dem. ; [a], —62°3. 


The hydrogen oxalate described on p. 438 is not a pure sub- 
stance. When the base is regenerated from it, dissolved in ether, 
and the ethereal solution concentrated, base C crystallises out, and 
after removing the crystals the ethereal mother liquor yields a 
syrup on concentration. 

Base C is readily purified by recrystallisation from ethyl acetate, 
from which it separates in large, clear, colourless plates which are 
bevelled at opposite ends. It softens at 126° and melts at 128° 
(corr.). It is insoluble in water or aqueous sodium hydroxide, but 
readily soluble in dilute acids. It is easily soluble in aicohol, ethyl] 
acetate, acetone, benzene, or chloroform, fairly easily soluble in 
ether, sparingly so in hot, and very sparingly so in cold, light 
petroleum. 

It suffers no loss when dried under diminished pressure: 


Found: C=74°8, 74°9, 75:1; H=8'5, 8°4, 84; OMe=20°2. 
CygHgg03,N, (450°5) requires C=74°6; H=85; 30Me=2077 per 
cent. 

C.9H;,0,N, (462°5) requires C=75°3; H=83; 3Q0Me=20'1 per 
cent. 


When titrated in aqueous alcoholic solution with cochineal, 0°1964 
required 8°65 c.c. V/10-sulphuric acid, whence equivalent weight= 
227. 

The specific rotatory power was determined in chloroform 
solution : 


a, —5°18°; ¢c=3°914; /=2-dem.; [a], —66°2°. 


The sulphate crystallises from water in glistening, prismatic 
needles which melt and decompose at 289° (corr.). It is sparingly 
soluble in cold, more readily so in boiling water, and very sparingly 
so in alcohol. 


Found: air-dried salt lost at 100° under reduced pressure, 2'7; 
at 120° under reduced pressure, 3°6. 
C,,H3,0,N,,H,SO,,H,O requires H,O =3°2 per cent. 
Found, in the salt dried at 120° under reduced pressure: 
C=614; H=7°6. 
C.,H,,0,N.,H,SO, (548°5) requires C=61°3; H=7°4 per cent. 
C.gH,,0,N.,H,SO, (560°5) ™ C=621; H=72 °°, » 
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The specific rotatory power was determined in aqueous solution : 
a, +0°63°; c=2°101; /=2-dem.; [a], +15°0°, 
and on diluting 14°4 c.c. of this solution to 28°2 c.c.: 
ay +0°38°; e=1°073; 1=2-dem.; [a], +17°7°. 

The hydrogen oxalate crystallises from water in short, glistening 
needles, usually aggregated to form wart-like masses. It melts and 
decomposes at 242° (corr.). It is sparingly soluble in cold water, 
but more readily so in hot water. The air-dried salt loses 1—2 per 
cent. in a vacuum. 

Found, in the salt dried in a vacuum: C=61°'5, 61°55; H=6°9, 

6°7. 
C,,H,g0,No,2C,H,O, (630°5) requires C=60°9; H=6°7 per cent. 
C.9H,,0,N,2C,H,O, (642°5) o C=617; H=66 , ,, 
The specific rotatory power was determined in aqueous solution : 
a, +0°58°; c=2°039; 1=2-dem. ; [a], + 14°2°. 


Benzoyl Derivative of Base C. 


Three grams of base C and 5 grams of benzoic anhydride were 
heated together for two hours on the water-bath. The residue was 
dissolved in ether, and shaken with dilute hydrochloric acid, when 
a viscous solid was deposited on the sides of the separator. After 
separating the ethereal solution of benzoic acid and benzoic anhy- 
dride, the deposit and aqueous liquor were washed with ether, and 
then extracted with chloroform, which dissolved the deposit com- 
pletely. The chloroform extract was shaken with aqueous sodium 
carbonate, dried with anhydrous potassium carbonate, and distilled 
to remove the solvent. The residue was mixed with ether, when it 
crystallised as a colourless, chalky mass, which amounted to 3°2 
grams and melted at 177° (corr.). The specific rotatory power was 
determined in chloroform solution : 

a, +3°88°; c=4°314; 1=2-dem.; [a], +45°0°. 

On crystallisation from acetone, the substance was obtained in 
fine needles of the same specific rotatory power (Found, in chloro- 
form: e=4'213; [a], +44°5°), but apparently in a dimorphous 
form, for when placed in a bath at 150° it melted and resolidified 
and then melted again about 176° (corr.), whilst when placed in a 
bath at 100° it sintered at about 120°, but did not melt until 
175—176° (corr.). It suffered no loss in a vacuum. 

Found: C=76'1, 764; H=7°4, 7°8. 

Cy5H ON, (554°5) requires C=75°8; H=7°6 per cent. 
CygHoO,N, (566°5) ” C=763; H=75 ,, 5 

The base was titrated in aqueous-alcoholic solution with hydro- 
chloric acid, using cochineal as an indicator. The end-point was not 

VOL. OXI. S 
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sharp, but the result indicates clearly that the substance is mono. 
basic : 

09176 required 15°9 c.c. V/10-acid ; whence equivalent = 577, 

The base, crystallised from acetone, is insoluble in boiling water, 
fairly soluble in cold, but easily so in hot alcohol, ethyl acetate, or 
acetone, and easily soluble in chloroform. With ether it shows 4 
curious behaviour, becoming gradually transformed into a bulky, 
cotton-wool-like mass of fine needles, which represent the original 
form of the substance and melt sharply at 177° (corr.). An analysis 
of the substance in this crystalline form gave a similar result to 
that obtained with the crystals from acetone. (Found: C=76:4 P 
H =7°7.) 

The base is insoluble in water or in aqueous sodium hydroxide, 
but dissolves in very dilute solutions of mineral acids, forming 
sparingly soluble salts. 

The sulphate separated on the spontaneous evaporation of an 
aqueous-alcoholic solution as a jelly, which gradually changed to a 
mass of colourless, felted needles. 


The Properties of Emetamine and its Salts. 


Emetamine crystallises from ethyl acetate in colourless needles 
which melt at 155—156° (corr.). It is insoluble in hot water or 
in aqueous alkalis, but dissolves readily in dilute acids, giving 
colourless solutions. Neither the base nor its salts give fluorescent 
solutions. Emetamine is easily soluble in alcohol, ethyl acetate, 
acetone, benzene, or chloroform, sparingly so in ether, and almost 
insoluble in light petroleum. It dissolves in concentrated sulphuric 
acid, giving a very pale yellow solution having a green tinge, and 
this solution becomes yellowish-brown on the addition of a drop 
of nitric acid. It dissolves in an excess of Froehde’s reagent, giving 
an emerald-green solution. Solutions of emetamine in dilute 
hydrochloric acid give granular, amorphous precipitates with picric 
acid, gold chloride, or platinic chloride. 

Emetamine suffers no loss when heated in a vacuum at 100°: 

Found, C=73°2, 73°4; H=7°5, 7°5. 

Co9H3g0,N, (476°5) requires C=73'1; H=7°6 per cent. 
Cy9H3g0,N. (488°5) requires C=73'7; H=7°4 per cent. 

On titration with methyl-orange as indicator, 0°6460 required 
27°0 c.c. V/10-HCl, whence equivalent = 239. 

Emetamine is dextrorotatory, determinations of the specific 
rotatory power giving the following results: 

In chloroform: a, +1°37°; ¢=6'140; 1=2-dem.; [a], + 11°. 

a, +0°85°; c=4'275; 1=2-dem.; [a], +99. 
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In commercial absolute alcohol: [a], +0°52°; c=2°113; 
[=2-dem.; [a]p + 12°3°. 

Emetamine hydrobromide crystallises from water in colourless, 
glistening, prismatic needles which contain 7H,O. After drying 
in a vacuum over sulphuric acid, it sinters from 210° and gradu- 
ally melts, without flowing, up to about 225° (corr.). It is 
sparingly soluble in cold, easily so in hot water. It is precipitated 
from its aqueous solution on the addition of sodium bromide. 

Found, loss in a vacuum at 120°, 16°4. 

Co9Hgg0,No,2HBr,7H,O reqvires H,O=16°5 per cent. 

Found, in the dried salt: C=54°8, 54:9; H=6°4, 6-4; Br=24°7; 
0Me=20°0; NMe=0. 

Co5H,,0,No,2HBr (638°3) requires C=546; H=6°0; Br=25°0; 

40Me=19°4 per cent. 

CypHyg0,No,2HBr (650°3) requires C=55°4; H=5°9; Br=24°6; 

40Me=19°'1 per cent. 

The specific rotatory power of the hydrated salt was determined 
in aqueous solution : 

a, —3°90°; c=8°042; J=2-dem. ; [a], — 24°3°. 

a, —1°83°; e=4°156; /=2-dem.; [a], — 22°0°. 

Emetamine hydrogen oxalate separates in colourless rosettes of 
small needles containing 3H,O on the addition of an alcoholic 


solution of hydrated oxalic acid te an alcoholic solution of the 
base. After drying in a vacuum over sulphuric acid, it sinters 
from about 165° and effervesces at 171° (corr.). 

This salt is easily soluble in water, but almost insoluble in 
aleohol. 


Found, loss in a vacuum at 110°, 7°6, 7°9. 
Co9H3g0,No,2C,H,O,,3H,O requires H,O=7°6 per cent. 

Found, in the dried salt: C=60°8, 60°38; H=6°4, 6°3. 
CopH,0,N>,2C,H,O, (656°5) requires C=60°3; H=6'1 per cent. 
CypH,,0,N,,2C,H,O, (668°5) requires C=61'1; H=6°0 per cent. 

The specific rotatory power of the hydrated salt was determined 
in aqueous solution: 

a, —0°47°; e=3'920; 1=2-dem.; [a], —6°0°. 

Emetamine can be recovered unchanged after being heated with 
one and a-half times its weight of benzoic anhydride for one hour 
on the water-bath. 

It undergoes reduction when treated with sodium and alcohol 
under the conditions employed for the reduction of methyl- 
psychotrine. 2°8 Grams of emetamine were reduced by 3°0 grams 
of sodium and sufficient absolute alcohol, the product being 


separated into non-phenolic and phenolic bases in the usual way. 
s 2 
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The non-phenolic base did not crystallise and did not yield a 
crystalline hydrogen oxalate in alcoholic solution. An attempt to 
crystallise the hydrobromide from aqueous solution being also 
unsucéessful, the base was benzoylated under the conditions 
employed for the benzoylation of methylpsychotrine, when the 
ethereal solution of the benzoylated base deposited 0°3 gram of 
pale yellow crystals melting at 185—187°. After one crystallisa- 
tion from acetone, this substance melted at 204° (corr.), and, after 
a second, formed colourless, prismatic needles which melted at 
205° (corr.), whilst benzoylisoemetine melted at 206° in the same 
bath, and a mixture of the two compounds at 204°. 


The Properties of N-Methylemetine and its Salts. 


N-Methylemetine hydrobromide and hydriodide were described 
in the earlier paper (T., 1914, 105, 1618). A considerable 
quantity of the former being available, the opportunity was taken 
of subjecting it to a prolonged fractional crystallisation. The 
crude salt (133 grams) was crystallised many times and the pro- 
ducts collected in three crops of 101, 10°5, and 9°0 grams. Each 
had the melting point previously recorded, and no significant 


difference was shown between the specific rotatory powers of the 
first and last crop in aqueous solution ; the figures were [a], +5°6° 
(e=5°141) and [a], +5°7° (c=4°972) respectively. 

The free base has not been obtained in a crystalline form, but 
its specific rotatory power has been determined in the following 
manner. The base was regenerated from a solution of the pure 
hydrobromide by means of sodium carbonate and extracted with 
chloroform. The chloroform solution was dried with anhydrous 
sodium sulphate and filtered. Five c.c. were then evaporated to 
dryness and titrated with N/10-sulphuric acid, using cochineal, 
whence the concentration of the solution (c) could be calculated. 
The following results were thus obtained for a chloroform solution 
of the base in two separate experiments: 

a, —4°03°; c=3°83; l=2-dem.; [a], —52°6° 
a,—5°0°; c=4'70; 1=2-dem.; [a], —53°2°. 

Methylemetine sulphate has now been obtained in a crystalline 
form. For its preparation, methylemetine regenerated from the 
pure hydrobromide was dissolved in three to four times its weight 
of absolute alcohol and neutralised by the addition of 50 per cent. 
aqueous sulphuric acid. On keeping, the salt separated in colour- 
less, prismatic needles which, after drying at 100°, softened from 
210° and melted at 217° (corr.): 
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Found, in the air-dried salt: loss at 120°=6'4; C=56'3, 56°5; 
H=7°8, 7:8; SO,=15°0. 
CH OpNo,H,SO,,2}H,O (637°6) requires H,O=7'1; C=565; 
H=7'7; SO,=15'1 per cent. 


On another occasion the salt was found to contain rather more 
water of crystallisation. 


Found, in the air-dried salt: loss at 120°=8'1. 

Cy) H20,N2,H,SO,,3H,O (646°6) requires H,O=8'4 per cent. 
Found, in the salt dried at 120°: C=61°0; H=7°6. 
CypHygO4No,H SO, (592°6) requires C=60°8; H=7'5 per cent. 


Methylemetine sulphate is very easily soluble in water, 1 gram 
dissolving in about 2°3 c.c. of cold water ; it is very sparingly soluble 
in absolute alcohol. 

The specific rotatory power of the salt containing 3H,O was 
determined in aqueous solution : 


@y +0°67°; c=4°372; 1=2-dem.; [a], +7°7°. 


Methylemetinemethine, CygHygONo. 


Twenty-five grams of methylemetine methiodide (containing 
3H,0) were dissolved in 500 c.c. of boiling water and digested with 
the silver hydroxide prepared from 12 grams of silver nitrate until 
the solution no longer contained dissolved iodide. The solution was 
then filtered, and evaporated to dryness under the diminished 
pressure afforded by a good water-pump. After the residue was 
dry, the heating was continued for a further period of one and 
half hours, also in a partial vacuum. The crude methine was 
then dissolved in dilute hydrochloric acid, regenerated by means 
of sodium carbonate, and extracted with ether. The residue after 
distillation of the ether formed a nearly colourless gum, which was 
neutralised with a 20 per cent. aqueous solution of oxalic acid, and 
kept, when 11°7 grams of the pure methine oxalate separated in 
large crystals. On concentrating the mother liquors two further 
crops of 3°9 and 1°8 grams were obtained in an almost equally pure 
state, so that the total yield is 17°4 grams, that is, 77 per cent. of 
that theoretically obtainable. 

Methylemetinemethine oxalate crystallises from water in large, 
hard, brilliant prisms, which contain 7}H,O and melt at 82—83° 
(corr.). It is very easily soluble in water, alcohol, or acetone. 


Found: loss in a vacuum over H,SO,=18'1; 17°9. 
Us9H O,No,C,H,O,,74H,O (747°7) requires H,O=18'1 per cent. 
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Found, in the salt dried in a vacuum: C=66'4, 66:6; H=8+, 
81; N=4°7. 
CoH g0,N>,C.H.O, (612°6) requires C=66°6; H=7°9; 
N=4'6 per cent. 

The specific rotatory power of the hydrated salt was determined 
in aqueous solution : 

@, —1°98°; c=4°879; 1=2-dem. ; [a],, —20°3°. 
@, —1°13°; c=2°439; /=2-dem. ; [a],, —23°2° 
ay —0°60°; c=1°220; J=2-dem. ; [a],, — 24°6°. 

The base is precipitated as a white, granular powder on the 
addition of sodium carbonate to an aqueous solution of the oxalate, 
When viewed under the microscope it does not appear to be crystal- 
line, and it has no sharp melting point, but gradually sinters and 
melts without flowing between 45° and 55°. It can readily be 
filtered, and washed with cold water. After drying in the air it 
retains 1°5 per cent. of moisture, which is lost in a vacuum. 

Found, for vacuum-dried base: C=73°1, 73°0; H=9°0, 9°0. 

Cy.Hy,0,N, (522°5) requires C=73°5; H=8'9 per cent. 

When the base is kept for several months it changes from a white, 
granular powder to a pale straw-coloured, glassy mass, which can 
be ground to a white powder having the original melting point; 
this behaviour confirms the view that the substance is amorphous. 

It is practically insoluble in water, but easily soluble in the usual 
organic solvents, including light petroleum. It dissolves in con- 
centrated sulphuric acid, giving a golden-brown solution, which 
becomes deep chestnut-brown on the addition of a drop of nitric 
acid. It dissolves in Froehde’s reagent, giving a solution which 
is momentarily brown, but gradually changes through a neutral 
tint to a dirty indigo. 

The platinichloride is precipitated as an amorphous, yellowish- 
brown powder on the addition of platinic chloride to a solution of 
the base in dilute hydrochloric acid. The air-dried salt lost 7°4 per 
per cent. at 110°, and the dried salt gave Pt=20°84. 
Cy9HygO,No,H,PtCl, (932°5) requires Pt=20°93 per cent. 

The hydrobromide, hydriodide, and methiodide did not crystal- 
lise. 


In conclusion, my thanks are due to Mr. E. C. S. Jones for 
assistance in this investigation. 


Tar WeticomEe CHEMICAL RESEARCH LABORATORIFS, 


Lonpon, E.C. 1. 
{Received, April 4th, 1917.) 
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XXXIX.—Studies on the Walden Inversion. Part V. 
The Kinetics and Dissociation Constant of 
8-Phenyl-a-bromopropionic Acid. 

By Georce Senter and GeraALpD HarGRave Martin. 


Ir was recently shown by Drew and one of us (T., 1915, 107, 638; 
1916, 109, 1091) that when the halogen atom in ammonium 
phenylchloroacetate is displaced by the amino-group the sign of the 
resulting amino-acid depends on the nature of the solvent in which 
the reaction proceeds. Thus from solutions in liquid ammonia, in 
acetonitrile, and in ethyl alcohol an amino-acid of the same sign 
as the chloro-acid was obtained, whereas from water and n-heptyl 
and benzyl alcohols, the amino-acid had the opposite sign to the 
chloro-acid taken. ; 

Other workers on the Walden inversion have found that the 
presence of the phenyl group appears to bring about abnormal 
' results in displacement reactions. In phenylchloroacetic acid the 
phenyl group is directly attached to the asymmetric carbon atom, 
and in order to find how the results would be affected by a phenyl 
group further removed from the point at which substitution occurs, 
it was decided to investigate -phenyl-a-bromopropionic acid, 
C,H;-CH,-CHBr-CO,H, from this point of view. 

The acid in question was resolved by Fischer and Carl (Ber., 
1906, 39, 4000) by means of brucine, and they showed that when 
the /-acid is treated with aqueous ammonia, d-phenylalanine is 
obtained. The effect of liquid ammonia was not determined. 
McKenzie and Wren (T., 1910, 97, 1355) found that the displace- 
ment of the bromine by hydroxyl took place very slowly, and that 
the resulting hydroxy-acid had the same sign as the original bromo- 
acid, independently of whether the displacement was effected by 
water, by aqueous sodium hydroxide, or by silver oxide and water. 

In order to throw some light on the mechanism of these reactions, 
the dissociation constant of the acid at 25° and the kinetics of the 
displacement of bromine by hydroxyl have been examined, and the 
results are described in the present paper. The effect of the solvent 
on the sign of the product when the bromine atom is displaced by 
the amino-group is at present under investigation. 


Preparation of the Acid. 


B-Phenyl-a-bromopropionic acid was prepared by heating benzyl- 
bromomalonic acid under diminished pressure, and was purified by 
distillation in the vacuum obtained by means of a Gaede pump, as 
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described by Fischer and Carl (loc. cit.). These observers found 
that the acid passed over at 138—141°/0°2 mm. On keeping the 
colourless oil for some days at 0° it began to crystallise, and crystal- 
lisation was practically complete in a further four to five days. The 
crystals melted at 48—49°. Unsuccessful attempts were made to 
recrystallise the product from light petroleum. 

Our results regarding the the boiling point of the acid confirm 
those of Fischer and Carl, but the distillate crystallised on remain. 
ing overnight at the ordinary temperature, and after a further 
twenty-four hours crystallisation was practically complete. The acid 
was recrystallised without much difficulty from light petroleum; it 
melted sharply at 52°. Our product was therefore purer than that 
obtained by Fischer and Carl. 


Dissociation Constant of B-Phenyl-a-bromopromonic Acid. 


The dissociation constant of the acid was determined at 25° by 
the electrical conductivity method, the measurements being made 
in the usual way with a Wheatstone bridge and telephone. The 
water used in making up the solutions had in no case a conduc- 
tivity exceeding 1°5x10-® mhos at 25°, and no correction was 
applied on this account to the experimental values for the condue- 
tivity of the solutions of the acid. In order to test the accuracy of 
the apparatus, the dissociation constant of succinic acid was deter- 
mined. The value found was 0°000066 at 25° (concentration in 
mols. per litre), which is the mean of the most trustworthy values 
recorded in the literature. 

As the acid is only very sparingly soluble in water, it was not 
practicable to work with solutions more concentrated than 
0°01 molar. Two closely concordant series of measurements were 
made; the results are given in table I. As the displacement of 
bromine by hydroxyl proceeds very slowly at low temperatures, 
there is no appreciable error due to hydroxylation during the 
measurements. The temperature was 25+0°02°. 


Taste I. 
Dilution, v, oo . 
(Litres per mol.) k. , a. ~ (1—a)v’ 

100 0-001259 . 0-336 0-00170 

200 0-000821 . 0-438 0-00170 

500 0-000443 : 0-591 0-00171 

1000 0-000267 : 0-711 0-00175 

2000 0-000152 . 0-809 0-00172 


In order to calculate the dissociation constant from the conduc- 
tivity of the acid, the equivalent conductivity of the latter at 
infinite dilution, A, , is required. This is obtained by adding 
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together the value for hydrion, which may be taken as 347°0 at 
95°, and that for the CH,Ph-CHBr-CO,/’ ion. The latter value was 
obtained in the usual way by means of measurements with the 
sodium salt in V/1000- and V/2000-solution, a correction being 
applied for the conductivity of the water. As a mean of two series 
of measurements, A j99) may be taken as 78°1 and Ado as 78°8, and 
therefore A,, must be approximately 79°0. As the ionic velocity 
for sodion at 25° is 51, the value for the CH,Ph-CHBr-CO,’ ion is 
98 and A, for the acid is therefore 375. With this number the 
values for a and for X in the table are calculated. The agreement 
in the values of X is satisfactory, and the dissociation constant of 
the acid may be taken as 0°00172 at 25°. 

As the dissociation constant of a-bromopropionic acid at 25° is 
(00108, the phenyl group in the B-position increases the strength 
of the acid in the ratio 1°59:1. The effect of the phenyl group in 
the B-position appears to vary considerably with the nature of the 
compounds compared. Thus the factor obtained by comparison of 
Bphenylpropionic acid (benzylacetic acid) and propionic acid is 
165, whereas the value obtained by comparison of 8-phenyl-a-hydr- 
oxypropionic acid and a-hydroxypropionic acid is 1°36 (compare 
Findlay, Turner, and Owen, T., 1909, 95, 942). 


The Hydroxylation of B-Phenyl-a-bromopromonice Acid. 


The kinetics of the displacement of bromine by hydroxyl in 
aqueous solution have been investigated by the methods described 
in previous papers (compare Senter, T., 1915, 107, 908; Senter 
and Tucker, T., 1916, 109, 690). The first step is to settle the 
exact nature of the reaction, as in addition to the formation of the 
hydroxy-acid, according to the equation 

CH,Ph-CHBr-CO,H + H,O —> CH,Ph:CH(OH)-CO,H + HBr, 
there is the possibility of the formation of cinnamic acid by elimina- 
tion of hydrogen bromide: 

CH,Ph-CHBr-CO,H —> CHPh:CH:CO,H + HBr. 
This point can be examined by taking advantage of the fact that 
silver 8-phenyl-a-hydroxypropionate is readily soluble and silver 
cinnamate almost insoluble in water. An V/80-solution of the acid 
in water was heated in a sealed tube at 50° for forty-two days, then 
neutralised with ammonia, excess of silver nitrate added, and the 
liquid filtered. The acid obtained by acidifying the filtrate with 
hydrochlorie acid and extracting with ether weighed 0°0272 gram, 
and gave the reactions for B-phenyl-a-hydroxypropionic acid. The 
cinnamic acid obtained by dissolving the slight residue on the filter 
in dilute ammonia and extracting as above weighed 0°0019 gram. 
As the proportion of cinnamic acid formed amounts at most to 7 per 
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cent. of that of the hydroxy-acid, the reaction which is measured 
is almost exclusively the displacement of bromine by hydroxyl. 4 
separate experiment showed that in the presence of NV /5-nitric 
acid the formation of cinnamic acid also proceeds very slowly in 
comparison with that of the hydroxy-acid. 

As will be shown later, similar results were obtained with the 
neutral sodium salt of the bromo-acid, but in the presence of 
N /20-sodium hydroxide a considerable proportion of cinnamiec acid 
is formed. 

As B-phenyl-a-bromopropionic acid is only sparingly soluble in 
water, it was not practicable to use for the kinetic measurements 
solutions stronger than V/80. The solutions were heated in sealed 
tubes for definite periods at constant temperature, and the rate of 
reaction was followed by determining the increase of acidity by 
means of NV /20-sodium hydroxide, using phenolphthalein as indi- 
cator, and the bromidion concentration by Volhard’s method, using 
N/20-silver nitrate. The results of a typical series of measurements 
are given in table II. The velocity-coefficients, k, and ky, in the 
third and fifth columns are calculated by the formula for a uni- 
molecular reaction, log, a/(a—x)=0°4343kt. The value of a, the 
concentration of the bromo-acid at the beginning of the reaction, 
was obtained as usual from the difference of the initial titration 
values, and those obtained after the reaction was complete. The 


results differ slightly for the alkali and silver nitrate (4°8 and 
5°0 c.c. respectively for 20 c.c. of the reaction mixture) perhaps 
owing to a small amount of secondary reaction. 


TaB_e II. 
B-Phenyl-a-bromopropionic Acid, N/80. Temp. 50°8°. 


a-—-z a—2Z, 

t(min.). (¢.c. NaOH, N/20). k,X10%. (c.c. AgNO,, N/20). ky X10. 

0 4-8 a 5-0 a 
1410 é’ 0-129 0-124 
2850 0-102 3: O-115 
7170 0-094 ‘ 0-089 
11490 é 0-078 0-086 
18690 aT 0-076 é, 0-075 


As the table shows, there is a gradual fall in the magnitude of 
the velocity-coefficients as the reaction proceeds. Similar results 
obtained in previous investigations were traced to the retarding 
effect of the halogen acid formed in the course of the reaction. The 
simplest way of testing this point is to determine the effect on the 
reaction velocify of halogen acid added at the beginning of the 
reaction. In the present case, accurate results could not be 
obtained in the presence of a fairly high concentration of hydro 
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bromic acid as, owing to the necessarily small concentration of the 
bromo-acid, the change in titre during the reaction would be very 
small compared with the total titre of the solution, whether the 
titration be made with sodium hydroxide or silver nitrate. For 
this reason measurements were made in the presence of WV /5-nitric 
acid and V/5-benzenesulphonic acid, and the bromidion concentra- 
tion was determined at intervals by Volhard’s method. The results 


are as follows: 
kx 10, 


8-Phenyl-a-bromopropionic acid, N/80 z 
Benzenesulphonic acid, N/5 at 50-8 0-0109 


ann. Acid, N/80 \at 50-8 0-0100 

That in the presence of excess of a strong acid the reaction is 
strictly unimolecular is shown by some of the data quoted in 
another connexion in table III. 

In previous papers (T., 1909, 95, 1836; 1915, 107, 908, etc.) it 
has been shown that the retarding influence of strong acids on 
hydroxylation is due to diminution in the concentration of the 
anion, which in most cases reacts more rapidly with water than 
does the non-ionised acid. This question can usually be tested most 
satisfactorily by comparison of the reaction velocity in the solution 
of the sodium salt (where the CH,Ph-CHBr-CO,’ concentration is 
relatively great) with that in the solution of the bromo-acid in the 
presence of a strong acid (in which case the CH,Ph-CHBr-CO,/ 
concentration is very low). As shown in the next section, the 
initial velocity-coefficient for the hydroxylation of W/80-sodium 
8-phenyl-a-bromopropionate is about 0°46 x 10-8; the anion concen- 
tration, assuming that the sodium salt is ionised to the extent of 
90 per cent., is 0°0125 x 0°9=0°001125. The concentration of the 
Ch.Ph*CHBr-CO,’ ion in excess of a strong acid is readily obtained 
by substitution in the equation for the influence of a common ion 
on the dissociation of a weak acid, [(a/c)cy|/(1—a’)e=X, where c is 
the concentration and XK the dissociation constant of the weak acid 
and cy the concentration of the common ion, in this case the 
hydrogen ion. As N/5-nitric acid is ionised to the extent of about 
90 per cent., and as ¢ is 0°0125 and X is 0°0017, we find for a’, the 
new degree of dissociation of the bromo-acid, 0°0095 and the anion 
concentration 0°0095 x 0°0125=0°000119. It follows that the ratio 
of the CH,Ph-CHBr-CO,/ concentration in the sodium salt solution 
and in the bromo-acid solution in the presence of excess of nitric 
acid is 0°90:0°0095 or 95:1, whereas the relative rates of reaction 
in the two solutions are 0°46:0°01 or 46:1. The rate of reaction 
in the acid solution is therefore double that which would be 
observed if the CH,Ph-CHBr-CO,’ ion alone were reacting. 
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Further, since in V/5-nitric acid bromidion is being set free at 
the same rate from the CH,Ph-CHBr-CO,’ ion and the non-ionised 
acid, and since the degree of dissociation of the acid is 0°0095 under 
these conditions, and therefore the relative concentrations of non- 
ionised bromo-acid and anion are in the ratio 0°9905:0°0095 or 
approximately 100:1, it is clear that in equivalent concentration 
the CH,Ph-CHBr-CO,’ ion would undergo hydroxylation about 
100 times as fast as the non-ionised acid. 

A little uncertainty is introduced into these calculations owing 
to the fact that the dissociation constant of the acid was deter- 
mined at 25° and the velocity measurements were carried out at 
50°8°. As, however, change of temperature has usually very little 
effect on the magnitude of the dissociation constant, the error intro- 
duced by using in the calculations the value of the dissociation 
constant at 25° is certainly small. 

Although in the presence of V/5-nitric acid the reactivity of the 
non-ionised bromo-acid becomes of importance, it can easily be 
shown that in the hydroxylation of the free acid in WV /80-solution 
(where the maximum concentration of the hydrobromic acid formed 
is only V/80) the reactivity of the non-ionised acid is negligible in 
comparison with that of the anion. 

If the conclusion is justified that the reaction in the case of the 
free acid and of the sodium salt is identical, namely, the action of 
water on the CH,Ph-CHBr-CO,’ ion, the temperature-coefficients of 
the two reactions should be the same. It will be shown in the 
section on the hydroxylation of the sodium salt that such is the 
case, 

The above explanation of the mechanism of the reaction under 
discussion receives further confirmation when the data given in 
table I are substituted in the equation for reactions of this type 
given by Senter and Porter (T., 1911, 99, 1049). 

Comparison of the Reactivity of B-Phenyl-a-bromopropionic Acid 
and a-Bromopropionic Acid.—As it appeared from a comparison 
of the data for the rate of hydroxylation of 8-phenyl-a-bromopro- 
pionic acid given in table II with previous observations on a-bromo- 
propionic acid (Senter, T., 1909, 95, 1827) that the bromine was 
displaced from the former acid less rapidly than from the latter 
at the same temperature, it was decided to make a careful com- 
parison of the reactivities of the two acids under exactly equivalent 
conditions. The bromopropionic acid used was purified by frac- 
tional distillation, and its purity checked by determination of the 
melting point (25°). The results of one series of experiments are 
given in table ITT. 
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TaBLe IIT. 


B-Phenyl-a-bromopromonic 
a-Bromopropionic Acid, N/80. Acid, N/80. 
No nitric acid ; Temp. 57°0°. No nitric acid ; Temp. 57°0°. 


t (min.). . kx 10° t(min.). a—a. kx103, 
0 , on 0 5e _ 
1456 ; 0-452 1368 ; 0-242 
2885 ; 0-422 2795 . 0-209 
4315 ; 0-390 4225 : 0-181 
5755 ; 0-350 5671 0-168 


NV /5-HNO,; Temp. 58°4°. N/5-HNO;; Temp. 58°4°. 


t(min.). a—2. 4 ¢t (min.). x kx 10°. 
0 , 0 . _ 
1402 . . 8535 . 0-025 
4243 . . 12950 , 0-024 
8533 . . 22960 . 0-024 
12950 . ; 33040 . 0-025 


The data in the upper part of the table show that bromine is 
eliminated rather more rapidly from a-bromopropionic acid than 
from $-phenyl-a-bromopropionic acid, a result which is not in 
accord with previous observations as to the influence of the phenyl 
group on such reactions . As shown in previous papers, the relative 


rates of displacement of chlorine from phenylchloroacetic acid and 
chloroacetic acid is of the order 3600:1. 

The investigation of the kinetics of the two acids first mentioned 
has led to the conclusion that the reactivity of undissociated 
a-bromopropionic acid and the anion is of the same order (T., 1909, 
95, 1836), whereas it has now been shown that non-ionised 8-pheny!- 
a-bromopropionic acid has a much smaller reactivity than the corre- 
sponding anion. The conclusion was therefore drawn that nitric 
acid in equivalent concentration should lessen the reactivity of the 
latter acid to a much greater extent than that of the former acid, 
since the diminution of the CH,-CHBr-CO,/ ion concentration will 
be partly compensated by the greater concentration of the fairly 
reactive non-ionised acid. This is entirely borne out * by the data 
in the lower portion of table III. 

* This striking verification of the prediction regarding the effect of nitric 
acid on the two reactions affords further evidence in support of the theory, 
on which much work has recently been done by Arrhenius, Bredig and Sneth- 
lage, Goldschmidt, Dawson, Lapworth, Taylor, Acree, the author, and others, 
that both ionised and non-ionised molecules are active in chemical changes, 
The credit for this fruitful advance is often ascribed, especially abroad, to 
Goldschmidt (Zeitsch. Elektrochem., 1909, 15, 6) and Bredig and Snethlage 
(Zeitsch. Elektrochem., 1912, 18, 539). As Lapworth has recently pointed out, 
however, (T., 1915, 107, 860) the pioneering work on this subject was carried 
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Tt is difficult to find a satisfactory explanation of the depressing 
effect of the phenyl group in the CH,Ph-CHBr-CO,’ ion on the 
reactivity of the bromine. It is possible that the phenyl group 
exerts a “steric hindrance” on the reaction which more than 
counterbalances any accelerating effect. The latter effect would in 
any case be relatively small when the phenyl group is in the 
B-position. 


Hydrozylation of Sodium B-Phenyl-a-bromoprojonate. 


The main reaction between sodium §8-phenyl-a-bromopropionate 
is represented by the equation : 

C,H,-CH,-CHBr-CO,Na + H,O —> 

C,H,*CH.*CH(OH)-CO,H + NaBr, 

but there is also the possibility of the formation of a small amount 
of cinnamic acid owing to the separation of hydrogen bromide. It 
was found, however, by the method described in connexion with 
the free acid, that the proportion of cinnamic acid does not exceed 
4 per cent. of the total acid produced. 

The results of a series of measurements in V /80-solution at 50°8° 
are given in the accompanying table. 


TaBLe IV. 
Sodium B-Phenyl-a-bromopropionate, N/80. 
t. (min.). a—2,. k, x 10°. 9° ks x 10°. 


0 
1367 


-0 os ; ied 

-9 0-40 . 0-43 
2810 “75 0-38 . 0-36 

3 

7 


0-33 *¢ 0-33 
0-28 . 0-28 


4127 
7127 


As in the case of the free acid, the titrations with silver nitrate 
and sodium hydroxide agree within the limits of experimental 


out independently and almost simultaneously by the author (T., 1907, 91, 
467) and by Acree and his co-workers (Amer. Chem. J., 1907, 37, 410; 38, 
258); the application of these principles to the special case of the catalytic 
activity of acids was first made by Lapworth himself (T., 1908, 93, 2198) 
and later independently by Goldschmidt (loc. cit.). Lapworth’s statement 
does not make clear that “the possibility of distinguishing between the 
simultaneous changes in the ionised and non-ionised constituents” was 
definitely proved in the author’s earlier papers (compare T., 1907, 91, 46, 
and 1909, 95, 1836) as well as in those of Acree. The fact that the author 
and his co-workers have been largely concerned with acids of medium strength, 
in which the ratio of ions to non-ionised molecules can be varied within 
wide limits, has afforded very convincing proofs of the validity of the theory 
in question —G.S. 
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error. The falling off in the magnitude of the unimolecular 
velocity-coefficients as the reaction proceeds is doubtless due to the 
formation of hydrobromic acid and hydroxy-acid, which convert 
part of the remaining sodium salt of the bromo-acid to the free 
acid; the latter is less rapidly hydroxylated than the sodium salt. 

The temperature-coefficient of the reaction was determined by 
comparative measurements in NV /80-solution at 46°7° and 55°7°. 
The relative times taken for the concentration to fall from 5°0 to 
08 were in the ratio 11,428 minutes to 2850 minutes, so that the 
coefficient for 9° is 4°0 and for 10° 4°6. The temperature-coefficient 
for the acid was determined between the same limits of tempera- 
ture, the intervals being chosen four times as long at the lower 
as at the higher temperature. In twenty hours at the higher 
temperature and eighty hours at the lower temperature the con- 
centrations altered from 4°95 to 4°1; in forty-three hours at the high 
temperature and one hundred and seventy hours at the low tem- 
perature the concentration had fallen in both cases to 3°3. As 
these figures show, the temperature-coefficient in this case also is 
exactly 4°0 for 9° or 4°6 for 10°, thus confirming the deduction 
from the kinetic measurements that the reaction which is measured 
is the same for the free acid as for the sodium salt (p. 452). 

This temperature-coefficient, allowance being made for the rela- 
tively high temperature, is probably the highest ever observed for 
a pseudo-unimolecular reaction (a reaction in which the solvent 
takes part), but higher temperature-coefficients have been observed 
for unimolecular reactions, although probably not for muitimole- 
cular reactions (compare von Halban, Zeitsch. physikal. Chem., 
1909, 67, 168). 

H ydroxylation of Sodium B-Phenyl-a-bromopromonate in the Pres- 
ence of Excess of Sodium Hydroxide—In order to determine the 
products formed in the presence of sodium hydroxide, an WV /80-solu- 
tion of the sodium salt in WV /25-sodium hydroxide was heated for 
several days at 50°5°. An examination of the product by the 
method described in connexion with the free acid showed the 
presence of 0°0163 gram of hydroxy-acid and 0°0133 gram of 
cinnamie acid. As the proportion of cinnamic acid formed is so 
great, it would be difficult to determine the exact mechanism of the 
reaction by kinetic measurements, and only two concordant series of 
measurements were made at 50°8°. The results of one series are 
given in table V. 
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TABLE V. 
Sodium B-Phenyl-a-bromopropionate, N /80. 
Sodium Hydroxide, N/25. 


t. a—z2. b—z. kx 108, 
0 14-15 4-9 —_ 
120 13-3 4-05 0-111 
240 12-8 3-55 0-109 
420 11-95 2-70 0-109 
1290 10-25 1-00 0-107 


By comparison of the figures in the third column (concentration 
of sodium salt) with those in the second column of table IV it js 
clear that the reaction proceeds more rapidly in alkaline solution, 
presumably owing to the direct action of hydroxyl ions on the 
sodium salt. This point has not been further investigated, owing 
to complications introduced by the formation of cinnamic acid. The 
figures in the fourth column show that the reaction is strictly 
bimolecular. 


Discussion of Results. 


Most of the results have already been discussed in connexion 
with the experimental data. From the point of view of the 
Walden inversion, it has already been mentioned that a hydroxy- 
acid of the same sign is obtained from the active bromoacid, 
whether the displacement is effected in the free acid or in the 
sodium salt by water or by alkali. This is in accordance with the 
conclusions given in the present paper as far as the free acid and 
the neutral sodium salt is concerned, the reactions being identical, 
but in alkaline solution the reaction appears to be a different one, 
and the formation of a product of the same sign would not neces- 
sarily be anticipated. 


Summary. 


1. The dissociation constant of #-phenyl-a-bromopropionic acid 
at 25° is 0°00172 (concentration in mols. per litre). 

2. The reaction which is measured when the bromine is displaced 
by hydroxyl in 6-phenyl-a-bromopropionic acid and its sodium salt 
in neutral solution is in both cases the action of water on the 
CH,Ph-CHBr:CO,’ ion. 

3. The temperature-coefficient for 10° of this reaction in the 
neighbourhood of 50° is 4°6. 

4, The introduction of a phenyl group in the A-position into 
a-bromopropionic acid diminishes to a considerable extent the 
reactivity of the bromine atom. 

5. When B-phenyl-a-bromopropionic acid and its neutral sodium 
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salt are heated with water, the product consists almost exclusively 
of the hydroxy-acid, but even in N/25-sodium hydroxide a con- 
siderable proportion of cinnamic acid is formed. 


In conclusion, we desire to thank Dr. W. H. Hurtley for the 
joan of a Gaede pump, which has enabled us to prepare the bromo- 
acid in a pure condition. We also desire to express our obligations 
to Mr. H. D. K. Drew for assistance in the preparation and puri- 
fication of the acid, and to thank the Government Grant Committee 
of the Royal Society for a grant which has defrayed the cost of this 
investigation. 
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BIRKBECK COLLEGE, 
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XL.—Studies in Catalysis. Part Vil. Heat of 
Reaction, Equilibrium Constant, and Allied 
Quantities, from the Pot of View of the 
Radiation Hypothesis. 


By Witt1am Cupmore McCuttacu Lewis. 


1. Heat of Reaction and Critical Increment. 


Ir is well known that the absorption or evolution of heat which 
accompanies a reaction corresponds, if the reaction is carried out 
at constant volume, with the change in the average or mean 
internal energy, usually reckoned per gram-molecule of one of the 
reactants. In the previous papers of this series (see this vol., 
p. 389; also T., 1914, 105, 2330; 1915, 107, 233; 1916, 109, 55, 
67, 796) use was made of the concept of the critical increment, that 
is, the extra amount of energy which must be given to a molecule, 
in excess of its mean internal energy, in order to make the molecule 
reactive. This concept is due, in the first place, to Marcelin, and 
has been developed along more quantitative lines by Rice. The 
critical increment, #, represents in all cases an absorption of energy, 
such absorption preceding any reactivity which the molecule may 
exhibit. It is necessary to point out that the assumption of the 
critical increment having in all cases the same sign (energy 
absorbed) is, nevertheless, quite compatible with the reaction being 
as a whole either endothermic or exothermic. 

The relation of the critical increment to the heat of the reaction 
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will be most clearly understood by the aid of the accompanying 


diagram. 
Let us consider the simplest possible type of reaction, 14 = 18, 
taking place in the absence of all catalytic effects. The ordinates 


of the diagram denote internal energy, the length ab corresponding © 


with the mean value U, of the internal energy possessed by the 
molecules of the substance A, and similarly the length de repre- 
sents the mean energy U, of the substance B. Suppose that a given 
molecule of A possesses the mean value U,, then before it can 
become reactive its internal energy must rise to the point ¢, by the 
addition of the critical increment F,. At this stage the molecule 
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E ndothermic Reaction 
—> 


Exotherm ic Reaction 
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possesses internal energy (U,+ 2). The molecule may now undergo 
chemical change into the substance B, with an evolution of energy 
denoted by the dotted line ce. The molecule now possesses the mean 
energy de or U,, characteristic of the substance B. In passing from 
c to e the energy emitted is (U,+#,)—U . In passing from the 
mean state 6 to the mean state e, the total energy evolved 1s 
(U,+2,—U,)—F,, or U;—U,. The molecule at e may now receive 
the critical increment ef or FZ, and being in the reactive state may 
be re-transformed into A, possessing the mean energy U,. The total 
energy evolved in passing from ¢ to b is (U,+H#,—U,)—#y # 
U,—U,. This expresses the fact that if the reaction is exothermic 
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from left to right, it is necessarily endothermic on passing in the 
reverse direction. 

When the molecule is in the critical state, it is impossible to say 
whether it belongs to the system A or to the system B. That is, 
the critical state is common to both A and B. If EF, denotes the 
critical energy, #, will have the same value for the A and B mole- 
cules. This is indicated in the diagram by the lines ac and df 
being of equal length. 

From the above considerations it follows that 

BE,=U0,+ By =U_+ Ey. 
Hence, 
U,-U,=E,-F,. 

But the heat of the reaction, at constant volume, + Q,, is defined 

thermodynamically as 7,—U,. Therefore, 
+Q.=B,-B, . ....-s (1). 

This equation gives the relation between the heat of the reaction, 
at constant volume, and the respective critical increments of the 
reactants and resultants. If the reaction, 4 —> B, is exothermic, 
then U, is greater than Uy, and hence Z, is greater than Z,. That 
is, a reaction is exothermic, if the critical increment of the resul- 
tants is greater than the critical increment of the reactants. A 
reaction is endothermic, if the reverse condition holds. 

The above result also follows from Rice’s equations for the varia- 
tion with temperature of the velocity constants of the direct and 
reverse reactions which can be shown to lead to the ordinary van’t 
Hoff isochore. 


2. Heat of Reaction and the Critical Quantum. 


It has been pointed out in Part V. (loc. cit.), on the basis of the 
radiation hypothesis, in which the active mass of a substance is 
written as proportional to the product of its concentration into the 
radiation density of the frequency which the substance is capable of 
absorbing, that the critical increment, FZ, is expressed in general by: 


E=Nhv, 


the unit of mass being the gram-molecule, V the number of mole- 
cules in one gram-molecule, and A is Planck’s constant. The fre- 
quency v, which gives rise to the quantum Av, which, in turn, 
supplies the critical increment #, may be conveniently termed the 
fritical frequency. The critical frequency is, in general, consider- 
ably higher than the characteristic frequency used in the sense of 
Einstein to account for atomic or molecular heat. For many reac- 
hous, the critical frequency lies in the short infra-red region. This 


Point is referred to later. 
T 2 
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If we consider the above simple reversible reaction, 4 = B, it is 

evident that 

BL, — Ly=Nh(v,—vs), 
where v, is the critical frequency of the substance A, and y, the 
critical frequency of B. It follows, therefore, that the heat of the 
reaction is given by: 

— Qy=Nh(v, — v2) 
and that the van’t Hoff isochore may be written: 
dlog K/dT=Nh(v,-v.)/RT? . . . (3). 

Equations (2) and (3) show the relation between the critical 
frequencies of the reacting substances and the heat of reaction, and 
consequently the variation of the equilibrium constant with ten- 
perature. 

If the critical frequency of the reactant is identical with that 
of the resultant, the heat of the reaction is zero, and the equili- 
brium constant is independent of temperature. We are here deal- 
ing with the ordinary mass action equilibrium constant. If the 
critical frequency of the reactant is greater than that of the resul- 
tant, heat will be absorbed on passing from reactant to resultant, 
and X as defined above will increase with the temperature. If the 
critical frequencies of substances are known, it can be stated whether 
the reaction will be exothermic or endothermic, and the magnitude 
of the heat effect can be calculated. 

Equation (2) was obtained by the author as a logical consequence 
from the considerations already given in Part V. The relation is 
not new, however. It has already been deduced by Haber, for a 
rather special case (Ber. Deut. physikal. Ges., 1911, 18, 111%), 
involving the transfer of valency electrons from the reacting sub 
stances, calculation being made with the help of data obtained from 
the selective photoelectric effect. The above method of treatment 
is of a more general nature, although we have restricted ourselves 
to the simplest type of chemical equilibrium. In a later section 
the expression will be given in a more general form. 

Equation (2) also gives us information regarding the effect of 
temperature on the critical frequencies, v; and vo. On differentiat- 
ing (2) with respect to temperature, we obtain : 

—dQ,/dT =Nh(dv,/dT —dy,/dT). 
Further, from Kirchhoff’s equation we have: 
dQ,/dT =C,—-C,, 
where (, and @, are the molecular heats at constant volume of the 
reactants and resultants. Hence, 0,—C,=NWh(dv./dT —dv,/4?). 

For the simple case which we have been considering, it may 

inferred on general grounds that C, and C, are almost identical. 
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Since, in general, C, and C, differ, it follows that the critical 
frequencies vary with temperature. The variation required by the 
above relation is not to be attributed to a true change in a given 
frequency, for Planck’s equation, which forms the basis of the above 
deduction, assumes that v is independent of temperature. The 
variation is due to the fact that at a higher temperature a different 
frequency contributes the energy necessary for the reaction. 

Referring to Rice’s equation (Part V., Joc. cit.), it is evident that 
the critical increment 7, which stands for the difference Z,—U, 
must diminish as temperature rises, for the average energy increases 
with temperature and F/, is presumably a fixed quantity. 

The variation of the critical increment Z is given by: 

dE |dT =d(E,—U»)/dT = —dU,/dT = —C, 

where C is the molecular heat of the substance decomposing. For 
reactions in the gaseous state, the value of C per gram-molecule at 
the ordinary temperature lies between 5 and 10 calories. Hence 
an increase in temperature of 100° causes U,, to increase or 
(Z.—Um) to decrease by 500—1000 calories. From measurements 
of the temperature-coefficients of various reactions it is known 
that (Z,—Um) is of the order of 20,000 cals., so that an increase 
of 100° will cause #, and therefore v, to diminish by about 5 per. 
cent. Its exact change can be determined from the values of the 
molecular heats. It is evident that, for not too great temperature 
intervals, the effect is negligible as a first approximation. 


3. The Magnitude of the Heat Effect accompanying a Reaction. 


Determinations of heats of reaction have shown that in many 
cases such quantities are of great magnitude, for example, the heat 
of union of hydrogen and oxygen. Since the heat of reaction, at 
constant volume, is the difference of the mean internal energies of 
reactants and resultants, it follows that at least one of the systems 
must possess on the average a correspondingly high internal energy 
content. An examination of the order of magnitude involved indi- 
cates that the mean internal energy in many cases is a great deal 
higher than can be accounted for by the temperature. If C, is the 
molecular heat at constant volume the average internal energy 
which one gram-molecule of a substance will possess in virtue of 


its temperature 7' is represented by | C,aT. The average energy of 
0 


the system 2H, +O, at the ordinary temperature must be greater 
than 116,000 calories, since this is the amount of heat evolved by 
the union of the two substances. This number is, therefore, the 
lowest conceivable limit of the internal energy of the two gases, 
and it is evident that, to account for it on the basis of temperature 
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alone, we should have to ascribe impossibly great values to the 
molecular heats of the gases. It follows, therefore, that substances 
in general possess a very large amount of energy at absolute zero, 
and this energy, which is independent of temperature, manifests 
itself in chemical reactions. This is evidence, of a chemical nature, 
in favour of Planck’s later assumption, that at absolute zero each 
resonator contains energy which on the average is hv/2, where vy is 
the characteristic frequency. 


4. Temperature and Velocity of Reaction. 


When a reaction proceeds with measurable velocity, this indi- 
cates, on the radiation hypothesis, that the temperature radiation 
existing is capable of giving rise to a sufficient number of quanta 
of the absorbable frequency, which are required to raise the internal 
energy of a sensible number of the molecules of the decomposing 
substance from the mean to the critical state. An examination of 
a number of the reactions which proceed at the ordinary tempera- 
ture shows that the effective or critical frequency, one quantum of 
which is capable of activating a molecule, belongs to the short 
infra-red region. It has been pointed out in earlier papers that 
‘the greater the critical increment the slower is the reaction, a result 
in good agreement with the radiation hypothesis, for a large 
critical incroment means a correspondingly large critical frequency, 
and at the ordinary temperature, it is well known, the density of 
radiation of this type is small. As the temperature is raised, how- 
ever, there is an increase in the radiation density at all frequencies, 
and, at the same time, the position of maximum density is moved 
towards the shorter wavelengths. We may infer, therefore, that, 
if a reaction mixture requires to be raised to a high temperature 
before the reaction becomes measurable, the critical increment, and 
therefore the critical frequency, is correspondingly high. Reactions 
which occur with measurable velocity at the ordinary temperature 
require, as already stated, a quantum of the short infra-red type. 
Those which become measurable at a temperature, of the order of 
1000°, may be expected to require a quantum corresponding with 
the visible spectrum, whilst those which only take place at still 
higher temperatures require a quantum belonging to the ultra- 
violet region. We are considering true thermal reactions, not 
photochemical reactions as ordinarily carried out. 

Further, the fact that certain reactions occur with immeasurably 
slow velocity at the ordinary temperature, is evidence that one 
quantum of the critical frequency is required in general to activate 
a single molecule, and not a large number of smaller quanta, for 
these smaller quanta are undoubtedly present at the ordinary tem- 
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perature. One would expect this result on Planck’s theory. Thus, 
if we consider the energy of a molecule as being gradually built up 
in a field of quanta of relatively small size, it is evident that the 
energy possessed by the molecule becomes an even multiple of one 
of these quanta, the oftener, the smaller the quantum. When, how- 
ever, the internal energy is an even multiple of a quantum, there 
is, according to Planck, a favourable opportunity for emission. 
If, therefore, a molecule requires a number, not necessarily a larze 
number, of quanta to bring it into the reactive condition, the 
probability that it will reach the critical condition is vanishingly 
small, owing to the opportunities of emission which occur in the 
building up process. As a simplification of the theory, a simplifica- 
tion which is reasonable in view of the above considerations, we 
may neglect any contribution made to the rate of decomposition 
by quanta smaller than the critical quantum. As already pointed 
out in Part V., the effect of a positive catalyst is to reduce the 
magnitude of the critical increment, and therefore of the critical 
frequency, and hence bring about a chemical change at a measur- 
able speed at a lower temperature. It is essential, therefore, when 
different reactions are compared, that the catalytic effects them- 
selves should be comparable. 


5. Uncatalysed Bimolecular Reactions. 


In Part V. the radiation hypothesis was restricted to a con- 
sideration of unimolecular reactions. It is now necessary to extend 
it to the bimolecular type, as this type is more frequently met 
with in practice than any other, and, further, from the expressions 
obtained in this case the necessary modifications for any multi- 
molecular reaction may be easily written down. The fundamental 
idea is that the active mass of a given species is proportional to the 
product of its concentration into the radiation density of the absorb- 
able type. That is, active mass« concentration x w,, where w, is 
the radiation density of the frequency v. It was shown that this 
assumption led to certain conclusions, in the case of unimolecular 
reactions, which were in agreement with experiment. 

If two substances, 4 and B, react together in a dilute system 
the principle of active mass states that the rate of the reaction is 
proportional to the product of the active masses. We are consider- 
ing the reaction in one direction only in the first instance. Express- 
ing active mass in terms of the radiation hypothesis, the above 
statement becomes : 

rate of reaction 4, C,xCjXU,4% U,». 

If the temperature is maintained constant and the system is 

dilute, the radiation density terms are constant, and the new formu- 
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lation reduces to the ordinary expression for the rate of a bimole 
cular reaction. 

The next step consists in substituting Planck’s expression for 
each of the radiation density terms. For the short infra-red 
region, it has been shown (Part V) that a simplified form may be 
employed, namely, 

“ui = ely ef 
A Cc 

where v, is the critical frequency absorbed by the substance 4; 
n, the refractive index of the system for the frequency v,; h 
Planck’s constant; c, the velocity of light in a vacuum; &, the gas 
constant per molecule. WVk=R, where F is the gas constant per 
gram-molecule, and WV is the Avogadro number. 7, the absolute 
temperature. 

For uw, an analogous expression can-be written down. Hence, 


2 2. 3,, Bon San 3 
il 642°h V4Vg gn, . e-Wy +v kT, 


u, | xX U ci 


"RB 

Let us suppose that the initial concentrations of A and B are 
a and 6 mols. per litre respectively. If 2 mols. have reacted after 
a certain time, ¢t, the rate of the reaction is 


2. 3, 3 3, 3 
dax|dt a (a—2)(b— 2) x SAT Rvs va MaMs one ty pier, 


c 


Retaining the refractive index terms n, and m,, and collecting 
together the factor of proportionality and the quantity, 
642°h*v ve 
o 
under the symbol P, we obtain 
dx/dt = P(a - x)(b —x)n,'ng’. ce“, tpl*tT 6. (A) 
On integrating this expression, the temperature being maintained 
constant, we obtain 
1 gg HO-2) 
(a-b)t ~ b(a-2z) 
But the expression on the left-hand side is simply the observed 
velocity constant of the reaction. Hence, 
Keone. = Pan? eM ,te eT 2 ww ww 8 
Now, if we regard P, and the refractive index terms, as sensibly 
independent of temperature—for gaseous systems the indices are 
practically unity (compare Part V)—we can easily obtain the 
expression for the effect of temperature on the observed velocity 
constant. The expression is: 


d log Kees. a ry ee (6) 
aT : 


= Pnjn,Je- tv pitt, 
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The term P has been regarded as independent of temperature. 
P, however, includes a proportionality factor, which appears to 
involve the probability of a molecule of A meeting a molecule of 
B. This factor depends on the average speed of the molecules, 
which in turn is known to vary as the square root of the absolute 
temperature. For a rise of 10° at the ordinary temperature, this 
variation amounts to 2 per cent. of the velocity constant, a quantity 
which is small compared with the actual effect of temperature 
observed. We can allow for the variation of P by writing 
P=P,/T, where Py is independent of temperature, in so far as 
the refractive index terms are independent of temperature. Equa- 
tion (3) then becomes: 


koove. = Py JT. njnge-o, +o eT, 2 6. . (7) 


The final expression for the variation of the velocity constant with 
temperature may be put in the form: 
dlogk.. _ Nh(v,+vs)}+RT (8) 
aT RT? 


At the ordinary temperature, $RT is of the order 300 calories, 
whilst Vh(v,+v,) is of the order 20,000 calories, so that the cor- 
rection term is small. It will be observed that this small quantity 
occurs in the complete Marcelin-Rice equation. It is evident from 
the above that as a first approximation we can regard P as 
independent of 7’. 

If the reaction is a multimolecular one, we can obtain a general 
form for equation (6), namely, 


ates = NR3vmactm /RT? . . . ~ (9) 


Experimental illustrations of equations (6), (8), and (9) will be 
given in a subsequent paper. 


6. The Order of a Reaction and the Magnitude of the 
Temperature-coefficient. 


The problem of finding a connexion between the order of a 
reaction and the temperature-coefficient has already received some 
attention. The conclusions arrived at, however, are wholly dis- 
cordant. Thus, von Halban (Zeitsch. physikal. Chem., 1909, 67, 
129) concludes that a true unimolecular reaction possesses a higher 
temperature-coefficient than a multimolecular reaction, and claims 
that this is borne out by experiment. On the other hand, Skrabal 
(Chem. Zeit., 1913, 37, 1169; Monatsh., 1914, 85, 1157) concludes 
that the higher the order of the reaction, the greater the tempera- 
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ture-coeflicient. That experimental evidence can be adduced jy 
favour of both views is simply due to the fact that velocity 
constants, measured at various temperatures, are not comparable 
quantities, owing to the existence of catalytic effects, which vary 
from case to case. 

It will be observed, at the same time, that the radiation hypo- 
thesis points to the general correctness of Skrabal’s contention. 
This arises from the fact that in a multimolecular reaction (equa- 
tion 9), in its simplest form, the Arrhenius quantity A is the sum 
of the quanta involved, each of which refers to one of the reacting 
species, and therefore the higher the order of the reaction the 
greater the number of quanta required, and hence the greater the 
value of the temperature-coefficient. This conclusion is based on 
the assumption that the critical frequencies concerned are of com- 
parable magnitude. This restriction is important in view of the 
considerations advanced in section 4 of this paper. 


7. Mass Action Equilibrium in an Uncatalysed Multimolecular 
Reversible Reaction. 


Let us consider the following reaction occurring in a dilute 
gaseous system: A+B=C+D. 
For the reaction from left to right, we have from equation (5) 
the following expression for the velocity constant: 
Kee = Pngng’ . e~vat’pl**. 
For the reverse reaction we have 
Ban. = Pain? .6-,*",H. 
If we write kj=Pnjnj, and k,'=P’/n2n,', in which k, and k’, are 
constants, practically independent of temperature, we obtain the 
relation 
K = Kons.| Bove. = fs  Ceatve ta” "4 ~"pyl**. 
0 
where X is the ordinary mass-action equilibrium constant, and 
varies with temperature. k, and k’, may be termed the “ideal” 
velocity constants, and their ratio, Ky, the “ideal” equilibrium 
constant, for Ky is independent of temperature as a first approxim- 
ation. 
It follows, therefore, that 
dlog K/dT = -— NX(ve+v, - v4 - vg)/ RT", 


which may be written in the general form 


Nh(3y, — &y, ) 
] _ reactants resultants : 
d og K/dT R " 


Hence the general form of equation (2) is: 
— Q, = NAB rerctants — BWresuitants) 
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Experimental illustration of this expression will be given in a 


subsequent paper. 


8. Intermediate Compound Formation in Bimolecular Reactions. 


In section 5 of this paper, bimolecular reactions were considered 
on the assumption that the observed rate was due to the direct 
interaction of the two components. In many cases there is 
evidence that an additive compound is formed, such addition pre- 
ceding the substitution reaction. Such additive compounds occur 
especially in the case of reactions in solution, for example, the 
inversion of sucrose and the hydrolysis of esters. The existence of 
such compounds has to be considered to complete the treatment 
of bimolecular reactions. The important case is that in which a 
single stable intermediate compound, AB, is formed practically 
instantaneously from its components, A and B, and exists in mass- 
action equilibrium with these components. 

The condition for equilibrium is given by 

active mass of A x active mass of B=active mass of AB, 


or 

K,C,uv, X Cytivg = Cypttvan "a ee (12) 
where X, is the ideal equilibrium constant independent of tempera- 
ture as a first approximation. 

The observed rate of the reaction, dx/dt, is proportional to the 
active mass of AB, that is, proportional to the product of the 
active masses of A and B. Hence 

dx/dt x< K,C,Cyuv,uv, = KyP .(a - x)(b- x)n nj. ee, +” gat 

Hence 

Keone, = KyP ning eM ,+y PYF 2... (18) 
This expression differs from that previously obtained (equa- 
tion 5) in containing the constant K,. 

It follows, from equation (13), that 

dlogky,/dT = Nh(vatv,)/RT? . . . . (14) 
which is identical with equation (6). 

The above result may be obtained in a somewhat different way. 

The equilibrium condition of the reaction A +B == AB is repre- 
sented on the ordinary mode of formulation by the expression 

kK. C,C, 7 Cam, 
where K is the ordinary mass-action equilibrium constant, and 
varies with temperature according to the relation 
dlog K/dT = - Q,/RT”. 

The disappearance of A and B is due to the decomposition of 

the compound AB. Hence the rate of the reaction dz/dt is pro- 
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portional to C,, on the usual mass-action formulation. 
ducing the radiation hypothesis, the rate is given by 


dz/dt = P.Cyy . niyo” ,,/*T 
= P.K.C,C,gn,,e-,,/*7, 
and hence 
kon = P.K. nize”, ,/?. 
Writing P.n*,, as ko, we obtain the relation 
log k,,.. = log k, + log K - Nhv,»/RT. 


But from equation (11) 

- Q, = Nh(v, + vp - v43)- 
Therefore 
Q. + Nh(v, + ve) 


log ky. = log ky + log K - RT 


obs. 


Hence 
d log k,,,/dT = dlog K/dT + Q,/RT* + Nh(v, +v,)/RT°. 


But 
dlog K/dT = -—Q,/RT. 
Therefore 
d log k,,./dT = Nh(v, +v,)/RT’, 
which is identical with equation (14). 

We conclude from equations (13) and (14) that the existence 
of an intermediate additive compound, which takes part in the 
reaction, introduces a numerical change into the velocity constant 
at any given temperature, but introduces no change in the value 
of the temperature-coefficient of the reaction. 

In the above consideration of equilibrium conditions we have 
assumed that catalytic effects, such as those due to the solvent in 
the case of reactions in solution, are absent. In a subsequent 
paper, reactions in solution will be considered, as it can be shown 
that the anti-catalytic effect which many solvents exhibit involves 
certain changes, not only in the magnitude of the temperature 
coefficient of the velocity constant, but also in the expression for 
the equilibrium concentration of intermediate compounds. These 
modifications indicate that, for reactions in solution, the ordinary 
van’t Hoff isochore is not strictly accurate, although the deviation, 
which is a calculable quantity, is small. The integration of the 
isochore, in terms of the radiation hypothesis, will also be con- 
sidered. This problem is of special interest, as the quantity Xj, 
which has been called the ideal equilibrium constant, appears to 
include the integration constant, which is usually taken account 
of by means of Nernst’s heat theorem. Finally, the thermo 
dynamic affinity of a chemical process is intimately bound up with 
the same quantity. 
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9. Summary. 


(1) The heat of reaction has been considered from the point of 
view of the statistical expression of Marcelin and Rice, as well as 
from the point of view of the radiation hypothesis. It is shown 
that the concept of the critical increment, as energy absorbed, is 
quite compatible with the existence of exothermic and endothermic 
changes. 

(2) The heat of reaction is shown to depend on the difference 
between the critical frequencies of reactants and resultants, a rela- 
tion previously obtained, on a less general basis, by Haber. 

(3) It is pointed out that the magnitude of the heat effect 
accompanying certain reactions leads to the conclusion that mole- 
cules contain large amounts of energy even at absolute zero. 

(4) A consideration of the temperature region at which an un- 
catalysed reaction first proceeds with measurable velocity yields 
some qualitative information respecting the order of magnitude of 
the quantum required to activate a molecule of the substance. 

(5) Bimolecular reactions have been treated from the point of . 
view of the radiation hypothesis, and quantitative expressions 
found for the velocity constant and for the temperature-coefiicient. 
It is inferred that, ceteris paribus, the higher the order of the 
reaction the greater is its temperature-coefficient likely to be. 

(6) The question of the formation of intermediate compounds 
in multimolecular reactions is considered, and it is shown that the 
existence of such a compound will modify the value of the velocity 
constant, but will not affect the temperature-coefficient provided 
catalytic effects are excluded. 

The work is being extended in various directions. 
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XLI.—The Hydration of Ions and Metal 
Overvoltage. 


By Epcar NEwBERY. 


Tue theory that ions in aqueous solutions are hydrated, that is, 
combined with the solvent, has met with fairly general acceptance 
for a long period, and has, in fact, been used as the basis for other 
theories, notably those of overvoltage and passivity. Considerable 
doubt has recently been thrown on this theory by Lapworth (T., 
1915, 107, 857), who pointed out that whilst the hydrogen ion 
appears to have a much stronger affinity for water than for alcohol, 
some ions, namely, Na’, NH,’, K*, Ag’, NO,’, Cl’, and possibly 
others, show no such preference, and are therefore in all probability 
non-hydrated. 

According to Le Blane (Trans. Faraday Soc., 1914, 9, 251), over- 
voltage is due to the slow hydration or dehydration of the ions 
carrying the current, an excess of hydrated or dehydrated ions 
being accumulated about the electrodes and thus affecting their 
potentials. He also suggests that the effect of changes of concen- 
tration near the electrodes contributes to the overvoltage. 

If either of these suggestions gave the true reason for overvolt- 
age, then the polarisation should be directly proportional to the 
current density applied. With regard to hydrogen or oxygen over- 
voltage, recent work (T., 1916, 109, 1051, 1066) has shown that 
there is not the least approximation to proportionality between 
overvoltage and current density, and for this and many other 
reasons it is impossible to explain the phenomena of overvoltage 
on the basis of Le Blanc’s theory. 

Nevertheless, if any ions, other than the hydrogen ion, are 
hydrated, it is possible that overvoltage may be influenced by, 
although not directly produced by, the presence of such ions. 

With the object of investigating this question and also for pro 
viding useful data in connexion with electroplating, electrolytic 
separation of metals, and voltameter work, a series of determina 
tions of ‘metal overvoltages ’* was carried out. 


* By the term ‘ metal overvoltage’ is meant the excess of the reverse 
electromotive force, anodic or cathodic, given by an electrode during electro- 
lytic deposition or dissolution of a metal, above the normal single potential 
of the pure metal in the given solution. 
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ExPERIMENTAL. 


The apparatus used was identical in most respects with that 
already described (T., 1914, 105, 2420). The test electrode was 
in each case a strip or rod of the required metal having an exposed 
surface of 1 sq. cm., and the secondary electrode consisted of a 
sheet or rod of the same metal having an exposed surface of at 
least 10 sq .cm. Fifty c.c. of solution were used in each experi- 
ment and the electrodes were fixed about 1 cm. apart. The 
standard electrodes used were: 

1. Hg. Hg,SO, . V-H,SO,| — 0°97 volt, 
2. Hg . Hg,Cl, . V-KCl| KNO, saturated | —0°56 volt, 
3. Hg . Hg,Cl,. W-KCl| - 0°56 volt, 


for sulphate, nitrate, and chloride solutions respectively. The tem- 
perature in all cases was approximately 15°, and no corrections 
have been applied for boundary potentials, 

Each electrode before use was well cleaned by rubbing with No. 1 
emery cloth, and the single potential measured against the standard 
electrode in the given electrolyte before any current was passed. 
This value was in each case taken as standard, and all overvoltages 
in the given electrolyte calculated from it. The figures given in the 
overvoltage tables are therefore independent of the actual potential 
of the standard electrode and of boundary potentials, since these 
did not vary under the given conditions. 

Some difficulties were encountered when measuring single poten- 
tials, and these are described in detail in a later section. 

The electrolytes consisted of normal solutions of the pure salts of 
the given metals, with the following exceptions: 

Thallous sulphate is not sufficiently soluble to give a normal 
solution at 15°, but a saturated solution (about V/6) was found 
to be quite suitable. 

Zinc chloride and stannous chloride solutions were prepared with 
Y/2- and N-hydrochloric acid respectively to avoid the precipitation 
of basic salts. 

Nickel was used in a saturated solution of nickel ammonium 
sulphate as well as in the normal solution of pure sulphate. 

The following table shows the single potentials of the various 
metals in the given solutions: 
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In the following tables column A shows the first set of readings 
obtained and column B the average of four subsequent sets of 


readings. 


Cathodic Metal Overvoltages in Solutions of Metallic Sulphates. 


Current § Copper. Zine. Cadmium. Thallium 

density.* A. B. B. : B. 
0-04 0-02 
0-04 0-02 
0-03 0-02 
0-03 0-02 
0-03 0-02 
0-02 0-02 
0-02 0-02 
0-12 0-03 
0-12 0-04 


bo 
& 
he 


Sessssseez ® 
 m bo bo bo OO Go > 


0-01 0-01 
0-01 0-01 
0-01 0-01 
0-01 0-01 
0-01 0-01 
0-02 0-01 
0-02 0-01 
0-02 0-01 
0-03 0-02 
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Iron. ickel, Nickel.t Cobalt. 

0-45 0-45 0-50 0-34 
0-64 0-55 0-49 0-35 
0-68 0-62 0-48 0-35 
0-72 0-66 0-48 0-36 
0-74 0-72 0-48 0-37 
0-77 0-77 0-50 0-40 
0-78 0-79 0-51 0-46 
0-77 0-78 0-51 0-54 
0-75 0-75 0-49 0-52 
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* Current densities are given in milliamperes per sq. cm. 
t In nickel ammonium sulphate solution. 
Cathodic Metal Overvoltages in Solutions of Metallic Nitrates. 


Current Copper. Silver. Zine. Lead. 
density. A B. B. 
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Cathodic Metal Overvoltages in Solutions of Metallic Chlorides. 


Current Copper. Zine. Tin. Iron. 

density. A. 
0-01 
0-06 
0-07 
0-07 
0-08 
0-09 
0-10 
0-11 
0-14 
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Anodic Metal Overvoltages in Solutions of Metallic Sulphates. 


Current Copper. Zinc. Cadmium. 
density. A. B. 
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* Metal became passive. 
+ In nickel ammonium sulphate solution. 
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Anodic Metal Overvoltages in Solutions of Metallic Nitrates. 
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Current Copper. Silver. Zinc. 

density. A. B. B 
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* Metal became passive. 


Anodic Metal Overvoltages in Solutions of Metallic Chlorides. 


Current Copper. Zinc. Tin. Iron. 
density. A. B. 
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Notes on Individual Electrodes. 


Copper.—The overvoltage, cathodic and anodic, is generally low, 
although appreciably higher than that of many other metals. Since 
the cathodic values are usually higher than the anodic, most copper 
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plating baths will tend to lose acidity and deposit basic salts 
during use. This deposition of basic salts on the cathode is the 
indirect cause of the high overvoltages observed at extreme current 
densities. A more or less spongy film is formed on the cathods 
surface, thick enough to be clearly seen in most cases, and the diffu- 
sion of copper ions is hindered. Hydrogen ions therefore deposit 
and copper hydride is formed, giving rise to the high potential 
characteristic of hydrogen overvoltage. This effect is considerably 
increased by the addition of colloids. 

In nitrate solution a blue precipitate is formed on a copper 
cathode at high current densities owing to the reduction of nitrate 
to ammonia by the copper hydride formed under these conditions 
an:l the subsequent reaction of this ammonia with the copper salt 
present. Similar precipitates are formed with nickel and cobalt. 

In chloride solution the anodic behaviour of copper is peculiar. 
Apparently a continuous film of some badly conducting higher 
chloride is formed on the anode surface, cutting down the current 
density to 20 milliamperes per sq. cm. with an applied electromotive 
force of 8°2 volts. This film has a low single potential (0°02 volt), 
but is only stable under the influence of a high positive potential. 
This condition of copper somewhat resembles that of a passive 
metal, but differs from it in the fall of potential in place of the 
usual rapid rise, in the great increase of resistance, and in the fact 
that gas is not liberated from the anode surface. 

Silver—The extremely low overvoltages of this metal, both anodic 
and cathodic, show clearly why it is possible to obtain extreme 
accuracy with the silver voltameter since the tendency to generate 
by-products is almost absent. In this respect it is equalled by 
lead in lead nitrate and approached by cadmium in cadmium 
sulphate, either of which would yield more accurate results than 
copper in the copper voltameter if the difficulties of washing and 
drying the deposited metal could be easily overcome. 

Zine.—In sulphate and chloride solutions the cathodic overvolt- 
age of zinc is similar to that of copper, but the anodic overvoltage 
in chloride solution is low, and no surface film is formed as in the 
case of copper. In nitrate solution a film of basic nitrate is 
rapidly formed on both electrodes if no current is passing, and the 
single potential of the metal changes from —0°40 to —0°30 volt. 
At the cathode various reducing actions probably occur, and the 
overvoltage is high and irregular. At the anode the first action of 
the current is to render the basic nitrate soluble, and hence the 
apparent fall of overvoltage with rise of current density. The 
anodic overvoltage is variable and erratic, but generally low m 
value. 
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Hydrogen is liberated at very high current densities from copper 
and zinc cathodes in sulphate and chloride solutions, but not in 
nitrate solutions. 

Cadmium.—Both anodic and cathodic overvoltages are low at all 
current densities, and this fact, together with the considerable 
difference of single potential between this metal and zinc, render 
the electrolytic separation of the two metals especially easy and 
efficient on the large scale. 

Thallivm.—This metal in a saturated solution of thallous sul- 
phate shows several interesting peculiarities. When the current 
density approaches 100 milliamperes per sq. cm. the cathodic over- 
voltage suddenly falls to a negative value, the lowest being 
obtained when the current density is about 200 milliamperes per 
sq. cm. These negative values persist for some time when the 
current density is lowered, but gradually disappear. They reappear 
suddenly as before if the current density is again raised, and are 
therefore probably due to a special physical form of the metal 
deposited only when using a high current density. Thick masses of 
crystals form on the cathode. 

The anodic overvoltage remains very low until a high current 
density is applied, when the metal suddenly becomes passive. In 
this state it is thickly covered with a brown substance closely 
resembling lead dioxide, oxygen is freely liberated, and the poten- 
tial rises to 0°96 volt above that of an oxygen edectrode, the poten- 
tial of a lead electrode in similar circumstances being 0°98 volt 
compared with an oxygen electrode (in W-sulphuric acid). 

The electrical resistance of this coating is higher than a corre- 
sponding one of lead dioxide, since the applied potential of 
82 volts only produced a current density of 200 milliamperes per 
sq.cm. On lowering the current density the brown coating rapidly 
disappeared, and with it the passivity, the potential falling to zero 
(referred to an unchanged thallium electrode), in ten minutes after 
the applied electromotive force had been removed. This solubility 
of the higher oxide of thallium may be contrasted with the insolu- 
bility of the corresponding oxide of lead in sulphuric acid. 

Lead—The very low overvoltages, cathodic and anodic, of this 
metal in a solution of the nitrate have already been referred to. 
The metal separates in large crystals on the cathode at high current 
densities and no trace of the formation of dioxide is observable on 
the anode, 

Tin.—This metal also separates in large crystals on the cathode 
at all current densities, its cathodic overvoltage being the lowest 
measured in chloride solutions. The increase of surface area thus 
produced accounts for the apparent fall of overvoltage with time. 

u* 
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At extremely low current densities the cathodic overvoltage is 
very slightly negative. This suggests the possibility of depositing 
tin from stannous chloride solution by the electromotive force 
generated by its own dissolution. In order to test this, a clean 
copper wire was twisted round a lump of pure granulated tin and 
warmed with dilute hydrochloric acid. In a short time the copper 
wire was well covered with a bright deposit of tin. No trace of 
copper could be detected in the solution, and the reaction does not 
occur if the copper is not in electrical contact with the tin. It is 
probable that differences of solubility owing to difference in size or 
orientation of crystals may account for this phenomenon. 

Iron, Nickel, and Cobalt.—The overvoltages of these three metals 
differ so markedly from those of all the other metals (with one 
exception) that they may with advantage be considered together. 

In solutions of the nitrates, complicated reducing actions occur; 
ammonia is produced and at once reacts with the salt present, 
forming a pale green deposit on a nickel cathode and a voluminous 
dark blue deposit which turns green after a few hours on a cobalt 
cathode. Similar, and perhaps still more complex, reactions occur 
with a zinc cathode in nitrate solution owing to the high negative 
single potential of the zinc (the exception referred to above). The 
excess potentials measured under these conditions are erratic and 
irregular, and are not true overvoltages in the strict sense of the 
term, since we are not carrying out a simple deposition of metal or 
gas. These values must therefore be ignored in considering the 
general theory of metal overvoltage. 

In solutions of the sulphates and chlorides, these complex reac- 
tions do not occur. Nevertheless, these three metals (and possibly 
others in Group VIII) form a class by themselves when their metal 
overvoltages are considered, their average cathodic overvoltages 
being at least ten to twenty times as great as those of other metals. 
Hydrogen is liberated at quite moderate current densities in all 
cases. A copper cathode in copper sulphate solution only liberates 
hydrogen at the highest current densities used, and when this gas 
is evolved, the overvoltage at once rises to high values. It is 
evident, therefore, that the high overvoltages of these three metals 
are intimately connected with the liberation of hydrogen on their 
surfaces. 

On examining these high values more closely, it is seen that 
nickel in sulphate or chloride solutions attains a potential greater 
than 0°75 volt referred to a hydrogen electrode, and this high value 
is typical of the hydrogen overvoltage of a bivalent metal. Ironin 
a freshly made ferrous sulphate or chloride solution shows a poten- 
tial of about 0°65 volt, which is slightly lower than that which 
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would be expected in the case of a strictly bivalent metal. As the 
electrolysis proceeds there is a tendency at the anode for some of 
the discharged anions to unite with the surrounding ferrous salt 
instead of dissolving more iron, with the result that the concentra- 
tion of ferric ion in the solution is increased. Ferric iron, being 
tervalent, should have a cathodic (hydrogen) overveltage of 0°50 
volt, and will therefore deposit more easily on the cathode than 
ferrous. At low current densities, therefore, the overvoltage gradu- 
ally falls as electrolysis proceeds, and approaches the value 0°50 volt. 
At high current densities the concentration of the ferric ions is 
insufficient to carry more than a small proportion of the current, 
and the overvoltage is therefore affected to a much less degree. 

Similar remarks may be made about cobalt (for example, the 
potential in a chloride solution is almost the same as that of a 
cobalt cathode in N-sulphuric acid), but sufficient has been said to 
show that these excess potentials are undoubted hydrogen over- 
voltages, and are therefore due to the presence of metallic hydrides 
formed on or in the surface of the metal deposit. 

In considering the anodic overvoltages of these three metals, the 
chief interest lies in the ease with which iron, and especially nickel, 
become passive in sulphate or nitrate solutions, and in the facts 
that cobalt does not become passive in any of the solutions, and 
that all three metals do not become passive in chloride solutions. 

Unlike thallium, both iron and nickel retain the passive condi- 
tion when the current density is lowered, although interruption of 
the current for five seconds is sufficient to destroy the passivity 
of iron. Nickel, on the contrary, retains its passive state after 
stopping the current for twenty minutes. The fact that nickel 
acquires the passive condition much less readily in nickel-ammon- 
ium sulphate solution than in that of the pure sulphate, and not 
at all in chloride solution, is of importance in the nickel-plating 
industry. The single potentials of these metals in the passive 
state are much the same in the given solutions as in dilute 
sulphuric acid. 

Many other peculiarities in connexion with this interesting trio 
of metals may be observed by a critical examination of the figures 
given. 


Theoretical Conclusions from the Overvoltage Tables. 


The author has already suggested (T., 1916, 109, 1364) that 
metal overvoltages are due to the formation of solid solutions of 
hydrides or higher oxides, etc., on or in the electrodes, and the work 
described here fully supports that theory. The occlusion of hydro- 
gen in nearly all electrodeposited metals is a well-established fact, 
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and the problem to be considered, therefore, is not whether 
hydrides are present, but how they come to be present. 

It is here that the idea of ion hydration may be utilised, and 
Lapworth’s (loc. cit.) proof of the hydration of the hydrogen ion 
may be taken as the starting point. 

We may consider the case of a pair of unattackable electrodes 
placed in a solution containing a number of different cations, some 
of which are hydrated. If an electromotive force high enough to 
deposit all the ions be applied, every cation will exhibit a tendency 
to approach the cathcde. Those will deposit first and in the 
greatest proportion which have (1) the lowest separation poten- 
tial, (2) the highest concentration, and (3) the greatest mobility, 

If two ions have the same mobility, the ratio in which they 
deposit will vary logarithmically with their separation potentials, 
which in turn depend logarithmically on the relative concentrations 
in the soluticns. 

If, however, one of the ions is hydrated, its mobility is greatly 
decreased, and, in addition, work is required to dehydrate the ion 
either before or after deposition. The potential necessary to 
deposit these ions at a given rate will therefore be much higher, 
and with a given potential the rate of deposition will be much 
slower. 

We may therefore state that the proportion of a given cation 
which will deposit from a mixture of various cations will vary 
inversely with some function of its degree of hydration. 

We can readily account for the high metal overvoltages of iron, 
nickel, and cobalt if we consider their ions to be strongly hydrated. 
When zinc is deposited from an acid solution of zinc sulphate, very 
little hydrogen is liberated, in spite of the fact that the potential 
of the cathode is considerably above that necessary for the libera- 
tion of hydrogen. As the current density is increased, the propor- 
tion of zinc to hydrogen becomes still greater owing to the ease 
with which the zinc is deposited and the slowness with which the 
hydrogen ion is dehydrated. 

With iron in ferrous sulphate the case is different. Here the 
iron ion has as much, or more, difficulty in getting rid of the 
water of hydration as the hydrogen ion, with the result that both 
deposit together in an ideal state for hydride formation and the 
typical ‘hydrogen overvoltage’ is produced. Similarly with nickel 
and cobalt. The above facts have already been utilised on the 
large scale for the separation of zinc and iron (T., 1914, 105, 710). 
It is evident that many other pairs of metals could be separated 
by similar “high speed” electro-deposition. 
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Special Note on Single Potentials. 


The single potentials of the metals given in the first table are 
the actual values found with the specimens used. In most cases 
they agree fairly well with those obtained by other workers, small 
differences being due to the use of different standard electrodes and 
hence different boundary potentials, and also possibly to the pres- 
ence of slight impurities in the metals used. 

In the case of iron, nickel, and cobalt, the values. given differ so 
greatly from those to be found in most text-books that some justi- 
fication must be given for their adoption here. : 

The case of nickel only will be discussed at length, but the 
general reasoning may be applied equally to iron and cobalt. 

The difference of opinion as to the true value to be assigned to 
the single potential of nickel in a normal solution of nickel sulphate 
is most striking, and some observers have gone so far as to say that 
constant and reproducible potentials cannot be obtained with this 
metal. 

A few of the results obtained are given below. 


Nickel in N-NiSO,. Single potential. 


Neumann (Zeitsch. physikal. Chem., 1894, 14, 215) + 0-022 volt. 
Wilsmore and Ostwald (ibid., 1901, 36, 92) +0-049 ,, 
Kuster (Zeitsch. Elektrochem., 1901, '7, 257) —0-243 ,, 
Siemens (Zeitsch. anorg. Chem., 1904, 41, 249) . +0-036_ ,, 
Euler (ibid., 1904, 41, 93) +0-094 , 
Muthmann and Fraunberger (Math. phys. Kl. d. K. — 

Akad. d. W., 1904, 2, 34) —0-323 _,, 
Schweitzer (Zeitsch. Elektrochem., 1909, 15, 609) —0-033 _,, 

(Value found in present work Set Ng A ER et Te : +031 = ,,) 


These discordant results are undoubtedly due to the use of elec- 
trolytic nickel or of nickel electrolytically treated before use. The 
preceding experiments show that such samples always contain 
hydride, the most effective impurity possible for changing the single 
potential of the metal without altering its appearance. The sixth 
value in the above table is not far removed from the highest 
negative potential obtainable during metal deposition. 

In attempting to determine the true potential, therefore, the 
presence of hydrogen was carefully avoided. Three samples were 
employed, several pieces being taken from each sample. These 
were: (1) pure -hard rolled nickel sheet, (2) a softer sheet con- 
taining a small percentage of copper, and (3) pure cast nickel 
cubes. The surfaces were cleaned with glass-paper, emery-cloth, 
carborundum cloth, and high-speed carborundum wheels, different 
grades of cloth and varying speeds of cleaning being tried, but no 
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change of potential could be detected due to the different modes 
of cleaning. 

The copper in sample (2) had no appreciable effect, the potential 
being identical with that of sample (1). The potential of sample (3) 
was very slightly lower than that of (1) or (2), but never by more 
than 0°01 volt. Heating the metal in air until it was completely 
covered with an iridescent film of oxide reduced the potential by 
0°05 volt. Oxygen, therefore, is a much less dangerous impurity 
for this experiment than hydrogen. 

In every case the potential was somewhat irregular during the 
first few seconds after immersion, but soon became steady, fell for 
two to four minutes by a few millivolts until the value +0°31 volt 
was reached, and remained constant for ten minutes. After this a 
gradual rise to +0°37 volt occurred during the next twenty-four 
hours, and this value persisted for a further twenty-four hours. 
This behaviour was repeatedly observed with the same specimen 
after re-cleaning and also with different specimens. The gradual 
rise appears to be due to some rearrangement or crystallisation 
on the surface, and the former value has therefore been adopted as 
being more representative of average samples of nickel. In nickel 
chloride solution the potential fell by about 10 millivolts in the 
first five minutes, after which it remained constant, no subsequent 
rise being observed. Cobalt behaves similarly in both sulphate 
and chloride solutions. 

Iron also shows a slight fall of potential for five or six minutes 
after immersion and then remains constant. A solution of ferrous 
sulphate after keeping three weeks in a half-filled bottle produced 
a potential 0°03 volt higher than a freshly made solution. 

All other metals tried (except zinc in zine nitrate) acquired a 
constant potential in a few seconds. Zinc in the nitrate solution 
at first shows a potential of —0°40 volt, but this rises rapidly at 
first and then more slowly until a steady potential of —0°30 volt 
is attained in fifteen minutes, a grey deposit appearing on the 
surface. 

The most striking feature with regard to these single potentials 
was observed when a nickel electrode was accidentally disturbed 
during a measurement. A very slight motion was sufficient to raise 
the potential by 0°07 volt, whilst rapid shaking of the electrode in 
the solution produced a rise of 0°11 volt. Iron in similar circum- 
stances gives a rise of 0°06 volt, cobalt, 0°13 volt in sulphate solu- 
tion but only 0-07 volt in chloride solution. 

Other metals also showed variations when rapidly shaken in the 
electrolyte, but none of the same order as iron, nickel, and cobalt. 
The highest observed was zinc, which in the sulphate solution gave 
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a rise of 10 millivolts, whilst cadmium gave 3 millivolts and copper 
2 millivolts. 

After stirring, the potential in all cases returned, rapidly at first 
and then more slowly, to its former value. 

The explanation of this phenomenon appears to be as follows: 
When a metal is placed in a solution containing hydrated ions of 
the same metal, an interchange of ions between the metal and the 
solution occurs. The metal receives hydrated ions, discharges them, 
and sets free the combined solvent. In return, it throws out only 
dehydrated ions. 

These dehydrated ions will move out with considerable velocity, 
hydrate, and return slowly, thus producing an appreciable fall of 
potential on the electrode. If, however, the electrode be in rapid 
motion, the relative velocity of the hydrated ions on to the surface 
is increased, whilst the rate of discharge is almost unchanged. The 
true potential of such an electrode (iron, nickel, or cobalt) in 
contact with a solution normal with respect to its own ion can only 
be found by moving the electrode or the solution at known speeds 
and extrapolating to determine the potential at infinite velocity. 

The low single potential of cobalt in the chloride solution (0°15 
volt) as compared with that in sulphate or nitrate solution appears 
to be due to the formation of chloro-cobaltic acid with consequent 
lowering of the concentration of cobalt ion. This also accounts for 
the smaller rise of potential on stirring the chloride solution as 
compared with that in the other solutions. 

An observation of the rise of single potential of a metal on 
stirring the electrolyte thus gives a rough and ready method for 
determining the state of hydration of the metallic ions. 


Metal Overvoltage in Solutions containing Colloids. 


The remarkable effects produced by colloids on the nature of 
electro-deposited metals have been the subject of extensive research, 
especially by members of the electroplating industry. 

The effects of colloids on overvoltage have been studied by many 
observers, but in most cases the.quantities measured were not true 
overvoltages, but overvoltages plus excess potential due to a film 
of gas on the electrode surface. Colloids, by changing the surface 
tension of the electrolyte, may greatly affect the nature and thick- 
ness of the gas film without appreciably altering the true overvolt- 
age. Hence the results obtained by observers using these methods 
are misleading. 

Since in the present work the current was always cut off while 
measuring the reverse electromotive force, the resistance of the gas 
film does not affect the results obtained. 
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Many experiments have been carried out, using solutions con- } 
taining various percentages of gelatin, gum arabic, or dextrin, but 
only two complete sets of results need be given here. 


Copper in N-Copper Sulphate Solution (Cathodic). 


01% 10% 
Current Without 01% 10% Gum Gum 01% 
density. addition. gelatin. gelatin. arabic. arabic. dextrin. 
2 0-02 : 5 0-02 0-02 

0-02 : I; 0-02 

0-02 7 : 0-02 

0-02 , ; 0-02 

0-02 : 0-02 

0-02 : . 0-02 

0-02 7 . 0-03 

0-03 ; : 0-03 

0-04 2 (0-13) 


Increase... — . . — 


As before, current densities are given in milliamperes per sq. cm. 
and overvoltages in volts. 

The figures given in brackets are abnormal values obtained oaly 
when hydrogen is liberated from the electrode. 


Nickel in N-Nickel Sulphate Solution (Cathodic). 
0-1% 1-0% 
Current Without 0-1% 1-0% Gum Gum 0-1% 1-0% 
density. addition. gelatin. gelatin. arabic. arabic. dextrin. dextrin. 
0-82 0-88 0-82 0-83 0-84 
0-86 0-90 0-86 0-87 0-86 
0-87 0-91 0-87 0-87 0-87 
0-87 0-92 0-88 0-88 0-88 
0-87 0-91 0-88 0-88 0-87 
0-86 0-90 0-87 0-87 0-86 
0-86 0-89 0-86 0-87 0-85 
0-85 0-88 0-86 0-86 0-84 
0-84 — 0-85 0-86 0-84 


Increase... — 0-04 0-09 0-05 0-05 0-04 


Other experiments showed that nickel in nickel ammonium sul- 
phate has its overvoltage raised by 0°11 volt by the presence of 
10 per cent. of gum arabic, whilst 0°02 per cent. of gelatin raises 
the overvoltage by 0°05 volt at low current densities, but depresses 
it by 0°01 volt at high current densities. 
The overvoltage of lead in lead nitrate solution is almost 
unaltered by the presence of any of the above colloids, a rise of | 
0°004 volt being the maximum observed, and this was only obtained 
at the highest current densities and in presence of large quantities 
of colloid. This is in striking contrast to the hydrogen overvoltage | 
of lead, which is reised by 0°15 volt by 1'0 per cent. of gelatin. 
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The cathodic overvoltge of iron in W-sodium hydroxide solution is 
not altered by colloids, but the anodic overvoltage is raised 
0:01 volt to 0°04 volt by gum arabic. In N-sulphuric acid the 
reverse is true, that is, the cathodic overvoltage is raised whilst 
the anodic overvoltage of the passive metal is not altered. 

It hos already been shown (T., 1914, 105, 2425) that colloids in 
acid solutions are carried into the cathode surface by the hydrogen 
ions during electrolysis, and after deposition in this way the 
cathodic overvoltage is generally increased. It has also been shown 
that if the colloid does not penetrate the electrode surface in this 
way, the overvoltage is not altered. 

The above data show that the overvoltage of an electrode on 
which either nickel, hydrogen, or hydroxyl ions are depositing is 
raised by the addition of a colloid to the electrolyte, whilst that 
of an electrode on which lead or sulphate ions are depositing is 
not altered. 

Since there are good reasons for considering the uickel and 
hydrogen ions to be hydrated and the lead and sulphate ions to be 
non-hydrated, we are justified in the conclusion that the colloid 
molecules are carried into the electrode surfaces only by hydrated 
ions. Also, since the hydroxyl ions show similar colloid-carrying 
properties to those of hydrogen or nickel, it may fairly be concluded 
that hydroxyl ions in aqueous solutions are also hydrated. 

These conclusions are further supported by the following observa- 
tions : 

All cathodic overvoltages in acids, and all anodic overvoltages in 
alkalis are affected by colloids, since the current is carried to the 
electrodes by the hydrated hydrogen and hydroxyl ions respec- 
tively. All cathodic overvoltages in alkalis and all anodic over- 
voltages in the mineral acids are unaffected by colloids, since in 
these cases the current is carried to the electrodes by the non- 
hydrated ions, Na’, K*, Cl’, SO,”, etc. The cathodic overvoltages 
of iron, nickel, or cobalt during metal deposition are strongly 
affected by colloids, whilst the corresponding anodic overvoltages 
are unchanged. 

The cathodic overvoltages of other metals during the deposition 
of metal from neutral solutions are not affected to an appreciable 
degree by the presence of colloids, although in acid solutions a con- 
siderable change may occur. The slight effect of colloids on the 
cathodic metal overvoltage of copper is accounted for by the 
deposition of hydrogen ions along with the copper. This is shown 
to be the case by the observations of Miiller and Bahntje (Zeitsch. 
Elektrochem., 1906, 12, 230), who found that in slightly acid 
solutions the nature of the deposited metal was not affected by 
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the presence of colloids, whilst in strongly acid solutions the deposit 
was made much smoother and also more brittle by the action of 
the colloid. Both colloids and hydrogen are occluded in the 
-deposited metal, showing that the colloid has been carried into the 
metal along with the hydrated hydrogen ions. 

Le Blane (loc. cit.) found that the metal overvoltage of copper 
was considerably affected by the presence of many colloids and 
poisons, but all his experiments were carried out in strongly acid 
solutions. 


Previous Work on the Hydration of Ions.* 


It should be emphasised here that the present work has nothing 
to do with the question of molecular hydration, which has been 
investigated by many workers. Hence conclusions drawn from 
experiments on solubility of gases in solutions of strong electrolytes, 
osmotic pressure, viscosity, etc., cannot be applied here, since these 
are largely affected, if not entirely conditioned, by molecular 
hydration. 

Many observers have based their conclusions as to ionic hydra- 
tion on determinations of the changes of concentration of a non- 
electrolyte added to an electrolytic solution. 

Two sources of error render such conclusions untrustworthy. 

(1) Since colloid molecules are carried by hydrated ions into the 
electrode surface, it is reasonable to conclude that other heavy 
molecules, such as were employed in the above determinations 
(sucrose, mannitol, etc.), are also carried through the liquid by such 
1ons. Owing to the fact that both hydrogen and hydroxyl ions 
carry colloids in this way, it is impossible to use an aqueous solu- 
tion without danger of considerable error from this source, and 
since the conclusions referred to have been based on the assumption 
that no such motion of the non-electrolyte occurs, they are of very 
doubtful significance. 

(2) The phenomenon of electrical endosmose may exert a con- 
siderable influence on the motion of the non-electrolyte if the latter 
has a high molecular weight. The colloid or other non-electrolyte 
used may behave as a movable diaphragm which is slowly pushed 
through the solution. 

The above sources of error can only be avoided by the use of a 
non-electrolyte having a low molecular weight. 

Lobry de Bruyn (Proc. K. Akad. Wetensch. Amsterdam, 1903, 
6, 91), using methyl alcohol as non-electrolyte, after showing that 
this substance does not form complexes with water, found that no 

* This section has been greatly curtailed, and many references to other 
observers have been omitted owing to lack of space. 
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change of concentration of the non-electrolyte occurred during 
electrolysis of an aqueous solution of silver nitrate. From this he 
concluded that either no solvent was carried in either direction 
or that equal amounts of water and methyl alcohol were carried in 
both directions. 

Lapworth (loc. cit.), on consideration of transport numbers in 
water and in dry ethyl alcohol, drew the same conclusion, namely, 
that silver ion and nitrate ion either have no affinity for either 
solvent or that they have equal affinities for both. 

The experiments described in the present work again point to the 
same conclusion, and further indicate that if any of these ions 
have an affinity for the solvent, it must be extremely small 
and of quite a different order from that shown by H’, Ni”, etc. 

We have therefore five independent methods all pointing to the 
same conclusion, that is, that the ions of silver nitrate are non- 
hydrated. 

The Nature of the Hydrated Ion. 


It should be pointed out that none of the work discussed here 
proves absolutely that no hydration of certain ions (Ag", NO,’, etc.) 
occurs, although such seems highly probable. It has been proved, 
however, that the affinity of the ions H’, OH’, Fe’, Ni’’, and 
Co" for water is of an entirely different order from that of the 
other ions investigated, and that the latter must be very small, if 
it exists at all. The application of a potential gradient in the 
solution must be sufficient to decompose the hydrates of these ions 
if they exist, whilst the true hydrate ions only lose the water of 
hydration after discharge of the ion itself. 

Where the term ‘ non-hydrated’ is used, therefore, it should be 
understood in the above sense, although the author is of opinion 
that some ions at least have no appreciable affinity for the solvent. 

The number of molecules of solvent combined with a hydrated 
ion cannot be determined from the data given here, although the 
assumption of one molecule for each ion appears to be most in 
accordance with the scanty evidence available.* 

It is notable that nickel and cobalt may be deposited from 
aqueous solutions in a brilliant polished condition whilst silver, 
copper, zinc, ete., require various addition agents to secure a much 
less brilliant surface. The fact that some of the platinum metals 
may be deposited with similar bright surfaces is therefore a point 
in favour of the suggestion that these ions are also hydrated. 

* If we assume that the H’ and OH’ ions are each attached to one molecule 
of water, the ratio of the weights of the compound ions is 173 : 318, whereas 
the ratio of the ionic conductivities at infinite dilution is 318: 174. It seems 
scarcely possible that this remarkable agreement is a mere coincidence. 
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Coloured Ions. 


The variations in the colour of certain salts during the changes: 
anhydrous salt—concentrated solution—dilute solution, may afford 
some indication of the state of hydration of the ions, although con- 
siderable care must be exercised in drawing conclusions. 

Pickering (T., 1912, 101, 1625) found that the colour intensity 
of copper salts of inorganic acids was independent of the electrical 
conductivity, and concludes that the colour intensity of the copper 
atom in the non-ionised molecule is the same as that of the ion. 
There is no necessity, therefore, to conclude that because anhydrous 
copper sulphate is white and the hydrated salt blue, the copper ion 
itself is hydrated. The molecule of the anhydrous salt is probably 
of a very complex nature, and the action of the water first added 
consists in breaking down these complexes and then uniting with a 
complete molecule of the salt, the colour being restored by the 
former reaction and not by the latter. This idea is supported by 
the strong evidence otherwise obtained that the copper ion in 
aqueous solution is non-hydrated. The behaviour of other inorganic 
copper salts may be explained in a similar manner. 

There is, of course, the possibility that in the case of the non- 
hydrated ions, water may be adsorbed on the surface of the ions 
or attracted by electrical induction (Lapworth, Joc. cit.), and thus 
held loosely, but in view of the small dimensions of the ions the 
number of molecules thus held could not be large. 

Finally, the impossibility of drawing conclusions as to the state 
of hydration of ions from the composition of hydrated salts may 
be at once seen by a consideration of a few simple examples. Thus 
if the hydration of sodium sulphate is due to hydration of the 
sodium ion, why are sodium chloride and sodium nitrate anhydrous! 
If it is due to hydration of the sulphate ion, why does potassium 
sulphate separate without water of crystallisation? Again, if from 
a consideration of the five molecules of water in crystallised copper 
sulphate we conclude that the copper ion is united with this quan- 
tity of water, we are at a loss to explain why the crystallised 
chloride has only two and the crystallised nitrate nine, six, or three 
molecules. The formation of complex anions (see Donnan, T., 1902, 
81, 939) renders the question of ion-coloration still more compli- 
cated, and deductions as to hydration, etc., still more uncertain. 


Summary. 


1. The overvoltages, cathodic and anodic, of a number of metals 
during deposition have been measured under varying conditions of 
time and current density, and also in the presence of colloids. 
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2. Cathodic overvoltages under these conditions are generally 
very low (<0°05 volt), but with iron, nickel, and cobalt they are 
very high. 

3. Anodic metal overvoltages are low unless passivity occurs. 
Passivity during metal deposition has been observed with iron, 
nickel, and thallium. 

4. Metal overvoltages are due to the formation of hydrides, 
higher oxides, etc., on the electrode surfaces. The cathodic com- 
pounds form solid solutions in the deposited metal, which are very 
dilute except in the cases of iron, nickel, and cobalt. 

5. The single potentials of iron, nickel, and cobalt have been 
redetermined. Accurate and reproducible values are obtained only 
in the absence of free hydrogen and metallic hydrides. 

6. The single potentials of the above three metals are changed 
by +0°06 volt to +0°13 volt by rapid motion of the metal electrode 
relative to the electrolyte. Those of other metals are affected to a 
much smaller degree by similar treatment. 

7. The ions H*, OH’, Fe’’, Ni**, and Co” are hydrated in aqueous 
solutions ; the ions Cu"*, Ag’, Zn**, Cd**, Hg’, Tl’, Pb**, Sn*’, NH,’, 
Na’, K*, Cl’, NO,’, and SO,” are non-hydrated. 

8. Colloids are carried into a metal surface only by hydrated 
ions, and have no effect on overvoltage and little or none on the 


nature of the deposited metal unless such ions take part in carry- 
ing the current. 

9. Previous determinations of the degree of hydration of ions 
by observations of the change of concentration of a non-electrolyte 
present have given incorrect values due to the transport of the 
non-electrolyte by the ions present and also by the action of electri- 
cal endosmosis. 


In conclusion, the author desires to express his thanks to Prof. 
Lapworth for his continued interest in this work. 


ELEctTRO-CHEMICAL LABORATORIES, 
UNIVERSITY OF MANCHESTER. [Received, March 22nd, 1917.] 


BENNETT: THE CRYSTAL FORM AND 


XLIL.—The Crystal Form and Isomerism of Some 
Ferrocyanides. 
By Greorce MacponaLp BENNETT. 


Tue present investigation originated in the examination of an 
unusual crop of crystals of a ferrocyanide, which had occurred in 
technical practice, and were handed to me by Mr. A. Hutchinson 
for crystallographic examination. They proved to be sodium ferro- 
cyanide, Na,Fe(CN),,10H,O. (Found, Fe=11'7; H,O=36°9. Calec., 
Fe=11°6; H,O=37°2 per cent.) As several of the crystals were 
interpenetration twins of an interesting type, whilst no twinning 
had hitherto been observed with this salt, they were examined in 
detail. 

The crystals, which are monosymmetric, show an unusual develop- 
ment of faces (Fig. 1). Adopting the setting of Bunsen (Ann. 


Fie, 1. 


Phys. Chem., 1835, [ii], 836, 413), the forms present are 6{010}, 
q{011}, m{110}, and p{101}, with p and } elongated to produce a 
flat prism. The following measurements were made: 


No. of 

Angle. observations. Mean. Bunsen. 
110: 8 49°37’ 49°50’ 
Oll: 51°55’ 52°0’ 
110: 14 61°24’ 61°25’ 
O11 : 101 8 56°57’ 57°0’ 
110: 101 7 61°31’ 61°38’ 
110: 8 80°43’ 80°20’ 
011 : 6 76°2’ 76°0’ 


In the interpenetration twins (Fig. 2) the faces p(101) and (101) 
of the two individuals are coplanar, whilst the mean observed value 
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of the angle 6b’ was 84°59’. The twin axis is the edge pm, which 
requires that p and p/ shall be coplanar and bb/=85°2’. There is 
no twin plane a possible face of the crystal. The conditions for 
the production of these twins could not be discovered. 

While examining these crystals, which at first sight appeared to 
be a quite distinct crystallographic variety of sodium ferrocyanide, 
the possibility was considered of their being one of the isomeric 
forms described by Briggs (T., 1911, 99, 1019), but the evidence 
adduced seems insufficient to establish the existence of isomeric 
forms of these salts. With reference to the a- and B-forms of 
potassium ferrocyanide Briggs says: “As the salts crystallise 
together in all proportions and are generally so very similar in 


Fia. 2. 


properties, marked crystallographic differences are not to be 
expected.” Now two substances which crystallise together in all 
proportions are isomorphous, and therefore, as isomorphous stereo- 
isomerides are inconceivable, the reality of the isomerism he 
describes appeared doubtful. As, however, this case of isomerism 
had been generally accepted for several years, and was supported 
by other evidence, some of which was not immediately explicable, 
it seemed worth while to examine some pairs of the salts in ques- 
tion. The “a- and 6-forms ” of sodium and potassium ferrocyanides 
and of the double salt of ammonium ferrocyanide with ammonium 
chloride were therefore prepared according to the directions given 
by Briggs, and subjected to goniometric examination in order to 
determine whether or not they are distinct chemical individuals. 
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Sodium Ferrocyanide, NasFe(CN),,10H,0O. 


The “a- and ®B-forms” show differences of colour as described 
by Briggs and small differences of habit, but the following measure- 
ments show that they are crystallographically identical : 


a. B. 
en, a , 
No. of No. of 
Angle. observations. Mean. observations. Mean. 
110: 110 80°36’ 80°32’ 


9 
110: 49°43’ 19 49°44’ 


61°26’ 61°30’ 
61°38’ 61°32’ 
57°0’ 56°59’ 
51°55’ _— 
71°17’ 71°20’ 
76°10’ — 
52°29’ 52°26’ 

: 89°59’ 90°0’ 

: 110 56°10’ 


Potassium Ferrocyande, K,Fe(CN),,3H,0. 


The pale lemon-yellow (a) and the amber-coloured specimens (8) 
showed even less difference of habit than with the sodium salt. 
Both crystallised in the monosymmetric system. The crystals were 
square plates developed on the plane 6(010) with m{110} and 
q{011} as bevelled edges, the form {101} occurring occasionally with 
the a-crystals; but as all were obtained necessarily in the presence 
of impurities (potassium cyanide or a trace of acid) satisfactory 
measurements were not easily made, vicinal faces and the lamellar 
twinning making the matter more difficult. The salt is pseudo 
tetragonal (Dufet, Compt rend., 1895, 120, 377), and the diverg- 
ence from true tetragonal symmetry was too small to be noticed in 
these circumstances, the angles bm and bg being indistinguishable. 
The values found for bm or bq were: 

a (mean of 19 measurements), 67°50’; 8 (mean of 11), 68°0’. 
Moreover, both showed the very characteristic and marked cleavage 
in the plane 5(010), so that there can be no doubt of their crystallo- 
graphic identity. 


Double Salt of Ammonium Ferrocyanide and Ammonium 
Chloride, (NH,),Fe(CN),,2NH,Cl. 


The difference of colour was here the most marked of all. With 
care the “ a-salt” was obtained in pale lemon-yellow crystals, whilst 
the B-crystals were of a deep amber or brown colour. Both crystal- 
lised in the trigonal system and commonly showed only the primary 
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rhombohedron, r{100}, but other forms occasionally appeared. The 
following angles were observed : 
= B. 


(ee, _= 
No. of No. of 
Angle. observations. Mean. observations. Mean. 
100 : 010 82°49’ 10 82°50’ 
100 : 010: 97°10’ 10 97°6’ 
100 : 111 52°53’ 7 52°58’ 
111: 111 74°11’ 4 74°12’ 

These are therefore also identical in crystalline form. 

The crystallographic evidence thus decidedly negatives the idea 
of stereoisomerism. The other evidence adduced by Briggs consists 
of (a) the differences in the colour of the solids, (6) a slight differ- 
ence in the densities of the solids, (c) a similarly slight difference in 
their solubilities in water, and (d) a marked difference in the 
optical rotatory power of two alcoholic solutions supposed to contain 
the /-menthylamine a- and 8-ferrocyanides. Taking these points in 
succession: (a) The ease with which such colour differences may be 
produced, and are frequently observed, in nature when due to 
infinitesimal traces of impurities is well known. The true colour 
of these ferrocyanides is, no doubt, lemon-yellow, the “ B”’-crystals 
containing a trace of impurity, which may arise from the slight 
decomposition which acids produce in them. It is significant that 
the most striking difference of colour is observed precisely in that 
instance in which the salt is the most unstable, namely, with the 
ammonium salt, ammonium ferrocyanide being decomposed very 
easily by warming its aqueous solution. 

(5) and (c) The differences of density and solubility recorded by 
Briggs are of the same order as the experimental error. It is 
notoriously difficult to determine the density of a crystalline powder 
accurately to the third decimal place (see Tutton, “ Crystallo- 
graphy,” 1911, p. 527). Finally, we have the measurements of 
specific rotation of the menthylamine salts. The figures quoted by 
Briggs are such that the differences could scarcely be due to experi- 
mental error, although the observations of rotation were made with 
difficulty and on very dilute solutions. Yet the crystallographic 
evidence proves conclusively that isomeric ferrocyanides are not 
in question, so that there must be some other explanation. The 
point remains obscure. 

The possibility of real isomerism being discovered among the 
ferrocyanides must, of course, remain; it is only certain that the 
pairs of salts described by Briggs are identical. Indeed, a case of 
true isomerism has been realised with the tetramethyl ferrocyanides, 
(CH;),Fe(CN),, by Hartley (T., 1913, 103, 1196), although these 
are presumably different in being non-electrolytes. 
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It may be noted that this supposed isomerism among the ferro. 
cyanides of the metals was relegated by Werner in his “ Neuere 
Anschauungen, etc.” (1913), to the section entitled “Unauf. 
geklarte Isomerieerscheinungen.” In the same category he placed 
the isomeric potassium ferricyanides of Locke and Edwards (Amer. 
Chem. J., 1899, 21, 193, 413), and recent observations (Hauser and 
Biesalski, Ber., 1912, 45, 3516; Piutti, ibid., 1830; Wells, Amer. 
Chem. J., 1913, 49, 205) leave the impression that these two salts 
are also identical except for a trace of impurity in one of them. 
In any case their existence as stereoisomerides should not be con- 
sidered as established until they have been shown, by actual 
measurement, to have distinct crystalline forms. 

Lastly, the case of Levy’s yellow and green platinocyanides (T., 
1908, 98, 1446), which is cited by Briggs as a further case of stereo- 
isomerism, is certainly nothing of the kind, for the communication 
in which they are described contains goniometric data showing that 
the two are crystallographically and therefore chemically identical. 


Sr. Joun’s CoLLteGe, CAMBRIDGE. [Received, May 10th, 1917.] 


XLIII.—Compounds of Calcium Chloride and 


Acetone. 


By LanceLor Satispury BacsTer. 


ATTENTION was directed to these compounds while drying acetone 
with dehydrated calcium chloride, the liquid being treated with 
successive amounts of the chloride. The first quantity of chloride 
added had obviously taken up water, showing a moist appearance 
on the surface, whilst fresh amounts of calcium chloride added to 
the same acetone showed quite different behaviour, the lumps swell- 
ing considerably and becoming powdery in appearance. These 
lumps, when exposed to the air and apparently acetone “ dry,” 
continued to smell of acetone and to ignite on appligation of 4 
flame, the burning continuing for a considerable time. 

The existence of a compound similar to the magnesium com- 
pounds described by Menschutkin (Zeitsch. anorg. Chem., 1907, 58, 
28) was suspected, although calcium chloride is practically insoluble 
in acetone, such compound being analogous to the hydrate of 
calcium sulphate. No description of such a compound could be 
found, and in view of the frequent reference in chemical papers 
to the use of calcium chloride for drying acetone, it was considered 
of interest to investigate the possible compound. 
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The behaviour already described indicated that the compound 
would not be formed so long as water was present to form hydrate, 
and it was assumed that acetone, when treated with several succes- 
sive quantities of calcium chloride, would be practically anhydrous, 
liquid so treated being used in the experiments to be described. 

Dry acetone was added in excess to powdered dehydrated calcium 
chloride, which process caused the development of considerable 
heat. The vessel containing the mixture was then attached to a 
mercury pump and manometer, and the pump set in action. So 
long as liquid was present the pressure remained constant at 18 cm. 
(the temperature being kept at 20°), which corresponds with the 
vapour pressure of acetone. After the liquid had disappeared, the 
pressure rapidly fell to 4 cm. and there remained constant during 
further pumping. 

A sample of the substance was removed as soon as the pressure 
became constant. It had a strong odour of acetone and ignited on 
the approach of a flame. A sample was analysed by heating to 
constant weight, with the following result : 


0°687 lost 0°349. C,H,O=50°8. 
CaCl,,2C,;H,O requires C;H,O=51'1 per cent. 


The vapour-pressure measurement confirms the existence of the 
substance as a definite compound. The results were repeated and 
confirmed with different samples of acetone and calcium chloride. 

To search for the existence of a compound containing less acetone, 
pumping was continued after the pressure had fallen to 4 cm. The 
pressure remained constant at this value for some time and then 
fell rapidly to about 1 mm., at which value it again became con- 
stant. A sample removed at this stage still had a faint odour of 
acetone and ignited on the approach of a flame: 


0°291 lost 0°100. C,H,O=34°4. 
CaCl,,C;H,O requires C;H,O=34°3 per cent. 


The vapour pressure again confirms the existence of the definite 
compound. 

It was next considered of interest to determine the vapour pres- 
sure curves of these compounds as affording some indication of their 
stability. The material was placed in a tensimeter immersed in a 
water-bath, using mercury as liquid in the U-tube connecting to the 
manometer, etc., and balancing the vapour pressure by admitting 
air to the manometer side of the apparatus as necessary. By means 
of a side-tube and tap all air could be removed from over the sub- 
stance. As a check the pressures of the acetone were determined 
in the same apparatus. The values obtained are shown in the 
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following table, the corresponding curves being shown in the accom. 
panying figure. 


Pressure om. 
a 


le 


Temperature. 
I. Acetone. II. CaCl,,2C,H,O. III. CaCl,,C,H,0,. 


Pressure in mm. 


Temperature. Acetone. CaCl,,2C,H,0. CaCl,,C,H,0. 
20° —_ 41 about 1. 
21° 190 _ 
26° — 
30° 288 
31° 
36° 
37° 
40° 
42° 
49° 
50° 
54° 
55° 
57° 
60° 
62° 
64° 


Slllllalllelll 
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As the apparatus would not withstand a pressure of more than 
100 cm., readings were not taken at temperatures exceeding 64°. 
It is evident that at higher temperatures the pressure of the 
compound, CaCl,,2C,H,O, so long as it exists, will continue to 
approximate to that of the free acetone. In order to test the 
stability at higher temperatures a sample of the compound was 
sealed into a thick glass tube, which was immersed in a vessel con- 
taining chlorobenzene. The bath was slowly heated to its boiling 
point, 132°. At this temperature no liquid appeared in the 
tube, and no change in the appearance of the substance could be 
noted. On cooling to 130° liquid appeared, showing that at 132° 
more acetone was given off than was required to saturate the space 
at 130°. 

It may consequently be concluded that the compound had not 
decomposed at 130° or liquid would have appeared as the tempera- 
ture was raised. The liquid formed was reabsorbed on keeping. 


THE UNIVERSITY OF QUEENSLAND, 
BRISBANE. [Received, May 4th, 1917.] 


XLIV.—The Constitution of Internal Dvazo-oxdes 
(Diazophenols). Part I1.* 


By Giisert T. Morcan and Henry Pairip Tomiins. 


Tue action of diazotising agents on aminophenols leads to diazon- 
ium salts which in many cases change more or less readily into 
internal diazo-anhydrides of the diazophenol when the acidity of 
the diazotising medium is diminished. 

This internal condensation is characteristic of o- and pamino- 
phenols, peri-(1 :8)-aminonaphthol, and their derivatives, but it has 
not hitherto been observed to occur in any well authenticated case 
of a meta-aminohydroxyaryl compound. The simplest case of 
m-aminophenol was examined by Hantzsch and Davidson (Ber., 
1896, 29, 1522), who found that this substance yielded a very 
unstable diazonium salt, from which they were unable to produce 
a diazo-anhydride under experimental conditions which led to 
internal diazo-oxides from o- and paminophenols. 

More recently the nitrated m-aminophenols were examined from 
this point of view in the hope that the more stable diazonium salts 
of these nitro-derivatives might be induced to undergo this con- 
densation. This result was not attained, although comparable 
experiments were successful with nitro-derivatives of o- and p 
aminophenols (T., 1915, loc. cit.). 

* The first part of this communication is to be found in T., 1915, 107, 657. 
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The negative evidence obtained from these two independent sets 
of experiments affords some justification for the view that m-diazo- 
oxides are incapable of existence. In the investigation described 
in the present communication a further attempt to produce a 
meta-diazo-oxide has been made with m-aminophenol-4-sulphonic 
acid. Comparative experiments were made on the following amino- 
phenolsulphonic acids: 

OH 
‘me 
ee 

So,H 

(IIT. ) 

The first two compounds were first diazotised more than forty 
years ago by Bennewitz (J. pr. Chem., 1874, [ii], 8, 52), who iso 
lated and analysed only the diazo-derivative of the second com- 
pound (II). At that time the orientation of the substituents in 
these substances had not been determined accurately, and this 
diazo-compound was described as a derivative of ortho-aminophenol, 
although it is evident from the context that the product thus 
designated is really derived from para-aminophenol. 

The true ortho-compound (I) was at that time regarded as a 
meta-aminophenol, and its very soluble diazo-derivative was not 
isolated or analysed, although the intense yellow colour of its solu- 
tion was observed. In the present experiments this diazo-deriv- 
ative was obtained free from inorganic impurities by diazotising 
o-aminophenol-4-sulphonic acid suspended in cold water with 
liquefied nitrous anhydride. 

The yellow benzene-2-diazo-l-oxide-4-sulphonic acid separates with 
one molecule of water of crystallisation, which can be removed by 
warming at 80° without removing any of the diazo-nitrogen. 
During this dehydration the colour remains unchanged. The yellow 
colour of the diazo-oxide dissolved in water is not appreciably 
altered by the addition of aqueous alkalis or dilute mineral acids. 
These observations indicate that the free diazo-oxide-sulphonic acid 
and its alkali salts have the same chemical constitution ; the struc- 
ture of the diazo-complex which remains unchanged during 
neutralisation may be represented either as an o-diazo-oxide (IV) 
or alternatively as an o-quinonediazide (V): 


Oo 
i ™ 
| <ft 
* 
SO0,H(Na) 
(V.) 
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The diazo-derivative of paminophenol-2-sulphonic acid, which, 
when separating from aqueous solutions also contains one molecule 
of water of crystallisation, is a colourless substance resembling 
“diazobenzenesulphonic acid” (benzene-l1-diazonium-4-sulphonate) 
and other similar derivatives of the benzene series. When treated 
in aqueous solution with one equivalent of an alkali or »rganic 
base, it undergoes a marked colour change, the solution becomes 
yellow, and although the salts with alkali and alkaline earth 
metals are unstable at the ordinary temperature it has been found 
possible to isolate a series of coloured salts of this diazo-derivative 
with the following organic bases: pyridine, piperidine, dibenzyl- 
amine, and brucine. 

The pyridine salt dissociates at the ordinary temperature, especi- 
ally over concentrated sulphuric acid; the other salts are stable 
under these conditions. Aniline also gives rise to a similar coloured 
compound, but in this instance the possibility of the product being 
a diazoamino-derivative must not be overlooked. This alternative 
constitution is not excluded in the cases of the compound derived 
from the secondary amines, piperidine and dibenzylamine, but it 
is not possible in the remaining case of the brucine compound, inas- 
much as this base is now regarded as being a tertiary amine 
(Perkin and Robinson, T., 1910, 97, 305). 

The existence of this pale yellow brucine salt (VII or VIII) 
taken in conjunction with the colour changes produced on adding 
pyridine or aqueous alkali to the colourless phenol-4-diazonium-2- 
sulphonate (VI), indicates a change of constitution in passing 
from the diazonium derivative to its salts with inorganic and 
organic bases which may be represented as follows: 


—O 


(so, HB (or SO,K) 


(VIL.) 


/ \s0 HB (or SO,K 
| PVs s*) 


ZN 
N—N 
(VIIL.) 
In this instance, as in the case of the ortho-diazo-oxide, the alter. 
native quinonoid configuration (VIII) is not entirely excluded. 
When _ phenol-4-diazonium-2- sulphonate is treated in the 
nitrometer with aqueous ammonia at the ordinary tempera- 
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ture (16—20°) the solution becomes yellow and the result. 
ing ammonium _benzene-4-diazo-l-oxide-2-sulphonate decomposes 
very slowly, liberating nitrogen, about 90 per cent. of the total 
diazo-nitrogen being liberated after eight days (compare p. 505), 
In this case there is evidently very little tendency for the undecom- 
posed diazo-derivative to combine with the quinolsulphonic acid 
produced by the foregoing decomposition. 

The diazo-derivative of m-aminophenol-4-sulphonic acid, which 
also separates from aqueous solutions with one molecular propor- 
tion of water of crystallisation, resembles the para-isomeride in 
being colourless when pure. It is, however, the least stable of the 
three isomerides, and loses diazo-nitrogen at the ordinary tempera- 
ture, thereby becoming coloured. 

Attempts to prepare salts of this meta-diazo-derivative (IX) 
corresponding with those of the para-diazo-compound were entirely 
unsuccessful. The compound obtained with brucine had lost the 
greater part of its diazo-nitrogen and the other bases gave similar 
unpromising results. The decomposition of phenol-3-diazonium4- 
sulphonate takes a very definite course in the following circum- 
stances. The diazonium compound introduced into a gas 
apparatus, together with aqueous ammonia, undergoes a rapid 
change which is complete within ten minutes. Half the diazo 
nitrogen is evolved and a very soluble hydroxyazo-compound (X) 
is produced in solution in accordance with the following equation: 


HO 


SO,NH,  8SO,NH, 
(X.) 


The great instability of the diazo-complex in phenol-3-diazonium- 
4-sulphonate when this substance is treated with bases (1 equi- 
valent) so as to set free the diazonium group is additional evidence 
that there is no tendency for a meta-diazo-phenolic derivative to 
undergo condensation to yield an internal meta-diazo-oxide: 

The results of this investigation may be summarised as follows: 

(1) The sulphonic acids of the o-, m-, and paminophenols yield 
diazo-derivatives separating with one molecule of water of crystal- 
lisation (compare phenol-4-diazonium-3-sulphonate, J. pr. Chem., 
1904, [ii], 69, 339). 

(2) The ortho-diazo-derivative and its salts are yellow substances 
in which internal condensation has occurred between the phenolic 
and diazo-groups leading to an ortho-diazo-oxide or alternatively 
to an ortho-quinonediazide. 
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(3) The para-diazo-derivative is an internal diazonium 
sulphonate ; its salts with one equivalent of alkali or organic base 
are para-diazo-oxide or pdiazo-quinone derivatives. 

(4) The meta-diazo-derivative is an internal diazonium 
sulphonate which on treatment with one equivalent of alkali or 
organic base shows no tendency to furnish a meta-diazo-oxide, but 
in these circumstances decomposes rapidly even at the ordinary 
temperature, evolving nitrogen, whilst the decomposition product 
(resorcinol-4-sulphonic acid) couples with the still undecomposed 
diazonium sulphonate to form an azo-dye. 


ExPERIMENTAL. 


Benzene-2-diazo-1-oride-4-sulphonic Acid, 
HS0,-0,H<3* 


Phenol was converted successively into phenol-psulphonic acid, 
sodium 2-nitrophenol-4-sulphonate, and 2-aminophenol-4-sulphonic 
acid, NH,*C,H,(OH)-SO,H,4H,O. Diazotisation of the last of these 
compounds in the ordinary method with sodium nitrite in the 
presence of mineral acid gave rise to the very soluble benzene-2- 
diazo-l-oxide-4-sulphonic acid. In dilute solutions this product 
remained dissolved, imparting an intense yellow colour to the 
liquid. In concentrated solutions the sulphonated diazo-oxide was 
partly precipitated, but the action of the nitrous acid was suffi- 
ciently vigorous to cause a certain amount of. decomposition and 
formation of tar. When produced in the presence of mineral salts 
the diazo-oxide is far too soluble to be readily freed from these 
substances, although the ordinary method of diazotisation is quite 
satisfactory when the object in view is, not the isolation of the 
diazo-oxide, but the coupling of this substance with dye-forming 
phenols and their derivatives (compare D.R.-P., 258017). 

For the purpose of isolating benzene-2-diazo-l-oxide-4-sulphonic 
“d it is preferable to operate in the-absence of non-volatile mineral 

This object is attained by diazotising with liquid 
Nite. ified from nitrogen peroxide by saturation 
with nitric ox. opare this vol., p. 191). 

Finely powdered 2-aminophenol-4-sulphonic acid (1 gram) was 
suspended in 5 c.c. of water, the mixture being raised to the boiling 
point to dissolve as much of the sulphonic acid as possible. A con- 
siderable portion remained undissolved, however, and the mixture 
was cooled in a freezing mixture until on the point of solidifying. 
Liquid nitrous anhydride (2 c.c.) was then added, when the undis- 
solved sulphonic acid passed into solution, an intense yellow colour 

VOL. OXI. x 
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being produced. In about ten minutes benzene-2-diazo-l-oxide-4- 

sulphonic acid separated in pale yellow crystals, the yield being 

practically quantitative. The product was collected rapidly and 

allowed to dry in the air. It was sufficiently stable to admit of 

being maintained for several hours at 90° without loss of diazo- 

nitrogen. In this way the water of crystallisation was estimated: 
0°2784 gave 0°3066 BaSO,. S=15'10. 

0°2126 ,, 22°85 c.c. N, (moist) at 10° and 756°3 mm. N=12°84. 

0°3002 lost 0°0243 H,O at 90° for three hours. H,O=8'10, 
C,H,O,N,S8,H,O requires S=14°69; N=12°84; H,O =8°25 per cent. 

When quickly heated, benzene-2-diazo-l-oxide-4-sulphonic acid 
blackened and decomposed violently at 177°, but when maintained 
for some time at 115° it suddenly darkened and decomposed with 
evolution of gas. 

Benzene-2-diazo-l-oxide4-sulphonic acid was also obtained by 
pouring liquid nitrous anhydride on dry powdered 2-aminophenol- 
4-sulphonic acid cooled to —20°. The sulphonic acid dissolved in 
the liquid anhydride and the diazo-oxide separated gradually in 
pale yellow crystals as the anhydride evaporated. This prepara- 
tion, however, darkened rapidly in the air, and it was found prefer- 
able to moderate the action of liquid nitrous anhydride by mixing 
the powdered 2-aminophenol-4-sulphonic acid with a small quantity 
of cold water. 

Benzene-2-diazo-l-oxide-4-sulphonic acid when prepared by the 
latter method was obtained in well-defined, hard, brownish-yellow 
crystals which remained unchanged in air for an indefinite time. 
After heating at 90° the dehydrated compound still retained its 
yellow colour, a fact which indicated that the water of crystallisa- 
tion was associated with the sulphonic group rather than with the 
diazo-complex. 

The substitution of ethyl nitrite for nitrous anhydride in the 
diazotisation of 2-aminophenol-4-sulphonic acid was less effective. 
The nitrite had little or no action on the undissolved aminosul- 
phonic acid; the dissolved portion was diazotised, the solution 
becoming intensely yellow. On evaporation at the ordinary tem- 
perature in a vacuum desiccator, the solution darkened consider- 
ably, owing to the destructive action of the excess of ethyl nitrite 
on the dissolved benzene-2-diazo-l-oxide-4-sulphonic acid. The 
crystals which finally separated were colourless, and gave no colora- 
tions with alkaline 8-naphthol or neutral ferric chloride; they were 
not further examined. 

A comparative experiment with ethyl nitrite was performed on 
8-amino-a-naphthol-3:6-disulphonic acid (“H acid”), when the 
peri-diazo-oxide separated as a voluminous precipitate of bright 
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yellow needles on adding this alkyl nitrite to a concentrated ice- 
cold solution of the acid sodium salt of the disulphonic acid. 


Phenol-4-diazonium-2-sulphonate, 
N 
° }2 
HO CH<Qg x * 


Commercial paminophenol was added gradually to 3 parts of cold 
concentrated sulphuric acid; the mixture was heated on the water- 
bath for three hours and then added to cold water. The crude 
4aminophenol-2-sulphonic acid was dissolved in an equivalent 
amount of aqueous sodium carbonate, the solution boiled with 
animal charcoal, and the free sulphonic acid precipitated from the 
filtered liquid by hydrochloric acid. 

The diazonium sulphonate was obtained with equal facility by 
suspending finely divided 4-aminophenol-2-sulphonic acid in ice-cold 
water and adding either ethyl nitrite or successively hydrochloric 
acid and sodium nitrite. The greyish-white product had the 
properties already noted by Bennewitz (loc. cit.). 


Salts of Benzene-4-diazo-1-oxide-2-sulphonic Acid. 


The foregoing diazonium compound was dissolved in dry pyridine. 
As the solution evaporated, a yellow, crystalline precipitate sepa- 
rated. This product, when dried in a vacuum desiccator over con- 
centrated sulphuric acid, gradually lost its yellow colour and 
became converted by complete dissociation and loss of pyridine into 
the original diazonium compound. 

Piperidine Benzene-4-diazo-1-oxide-2-sulphonate——A more stable 
salt was obtained by mixing the diazonium compound with excess 
of piperidine and placing the mixture in a desiccator over soda- 
lime to prevent the formation of piperidine carbonate by the 
intervention of atmospheric carbon dioxide. When this precaution 
was not adopted, the final product effervesced with acid. The pro- 
duct, which at first was yellow, was freed from excess of piperidine 
by washing with benzene. The insoluble residue was dried in a 
desiccator at the ordinary temperature, when it assumed a 
brownish-yellow colour: 

0°1701 gave 19°5 c.c. Ny (moist) at 10° and 767 mm.- N=13°93. 

0°1592 lost 0°0061 H,O at 90° for four hours. H,O=3°83. 

C,,H,,0,N,S,8H,O requires N=14:14; H,O=4-04 per cent. 

This piperidine salt had an intense odour resembling that of 
acetamide. 

In aqueous solution benzylamine dissolved the diazonium sul- 
Phonate to a yellow solution, from which, however, no crystalline 

x 2 


504 MORGAN AND TOMLINS: THE CONSTITUTION OF 


product could be isolated. With anhydrous benzylamine and the 
dry diazonium sulphate the reaction was very vigorous, but only 
tarry products separated. 

Dibenzylamine Benzene-4-diazo-1-oxide-2-sulphonate.— A more 
favourable result was obtained with dibenzylamine. The diazon- 
ium sulphonate was suspended in cold water and treated with excess 
of dibenzylamine, when a yellow solid crystallised out, which was 
washed with ether until free from dibenzylamine and then dried 
on a porous plate: 

0°1860 gave 15°6 c.c. N, (moist) at 16° and 776°3 mm. N=9-99, 

C.9H,;,0,N;,S,H,O requires N=10-12 per cent. 

Aniline, when added to _phenol-4-diazonium-2-sulphonate, 
yielded a bright yellow salt, from which the excess of base 
was removed by extraction with chloroform. This derivative 
was not examined further, as it was open to the objection that 
it might be a diazoamine. This ambiguity is absent from the 
following brucine salt, because this alkaloid contains only one basic 
nitrogen atom, which is that of a tertiary amine, and hence incap- 
able of giving rise to a diazoamino-derivative. 


Brucine Benzene-4-diazo-1-oxide-2-sul phonate. 


Recrystallised brucine hydrochloride (2°1 grams) and phenol4- 
diazonium-2-sulphonate (0°85 gram) were mixed together in 17 c.. 
of water. The alkaloidal salt dissolved, and on adding 0°21 gram 
of sodium carbonate in saturated aqueous solution the diazonium 
sulphonate dissolved and the brucine salt of the diazo-oxide- 
sulphonic acid began at once to crystallise in bright yellow leaflets: 

0°1773 gave 13°85 c.c. N, (moist) at 13° and 751°6 mm. N=9°08. 

Cy9Hg0,N,8,H,O requires N=9°15 per cent. 

The metallic salts of benzene-4-diazo-1-oxide-2-sulphonic acid were 
not isolated. Phenol-4-diazonium-2-sulphonate was treated with 
the calculated quantity of standard barium hydroxide solution; 
it dissolved immediately to a yellow solution, which slowly 
evolved nitrogen at the ordinary temperature. This experi- 
ment was repeated, using potassium carbonate (1 equivalent) 
as the alkali, but the potassium salt of the diazo-oxide-sul phonic 
acid did not crystallise from very concentrated solutions and decom- 
posed slowly even at the ordinary temperature. A weighed quan- 
tity of phenol-4-diazonium-2-sulphonate suspended in water was 
introduced into the nitrometer and treated with aqueous 
ammonia; the liquid became yellow and after some hours 4 
few bubbles of nitrogen were evolved. This liberation of 
gas continued at the ordinary temperature (19—20°) for eight 
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days. When the evolution had ceased it was found that the 
nitrogen collected amounted to 88 per cent. of the total nitrogen 
present originally in the weighed portion of the diazo-derivative. 
In this case there was evidently very little tendency for the pro- 
duction of an azo-compound during the slow decomposition of the 


diazo-derivative. 


Phenol-3-diazonium-4-sul phonate, 


HOCH <2 ; 


m-Aminophenol was added gradually to 3 parts of cold concen- 
trated sulphuric acid. The mixture, which became warm by the 
heat of reaction, was subsequently heated for three hours on the 
water-bath and then added to 25 parts of cold water. The pre- 
cipitated 3-aminophenol-4-sulphonic acid was recrystallised from 
boiling water, and thus obtained in pinkish-white needles or 
leaflets. Its diazonium derivative was obtained by treatment with 
ethyl nitrite or alkali nitrite. 

(1) 3-Aminophenol-4-sulphonic acid was dissolved in aqueous 
sodium carbonate and reprecipitated in a finely divided condition 
by the addition of hydrochloric acid. To the mixture cooled to 
0° was added a slight excess of sodium nitrite in 10 per cent. 
aqueous solution. The sparingly soluble yellowish-white diazonium 
salt was washed with cold water until free from mineral salts. 

(2) Excess of ethyl nitrite was added with thorough stirring to a 
suspension of finely divided 3-aminophenol-4-sulphonic acid in ice- 
cold water. The yellowish-white diazonium compound was col- 
lected and dried at the ordinary temperature. 

The foregoing diazonium derivative of m-aminophenol was less 
stable on heating than the diazo-compounds of o- and pamino- 
phenols. At 86° it decomposed with considerable effervescence. 
It was not found possible to estimate the water of crystallisation 
owing to the ease with which it lost diazo-nitrogen even at the 
ordinary temperature. 

Analysis of the diazonium sulphonate prepared by the sodium 
nitrite method gave the following data: 

0°2153 gave 22°2 c.c. N, (moist) at 14° and 758°3 mm. N=12'14. 

01966 ,, 01974 BaSO,. S=13°55. 

C;H,O,N,S,H,O requires N=12°84; S=14°68 per cent. 
_ A specimen of the air-dried phenol-3-diazonium-4-sulphonate left 
ima vacuum desiccator over phosphoric oxide assumed a constant 
weight after three days, when the percentage loss was 14°78. The 
water of crystallisation would correspond with the loss of 8°25 per 
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cent. It is significant that the remainder (6°53) is practically 
equal to half the total nitrogen (6°42). 

The foregoing estimations were made with freshly prepared 
specimens of the internal diazonium sulphonate after drying for 
twenty-four hours. Older samples gave much lower percentages of 
nitrogen and higher values for sulphur, indicating decomposition 
at the ordinary temperature. 


Attempt to Prepare the Brucine Salt of Benzene-3-diazo-1-ozxide- 
4-sulphonic Acid. 


Brucine hydrochloride (1°65 grams) was dissolved in 12 c.c. of 
water, the diazo-compound (0°67 gram) was stirred into the solu- 
tion, and the mixture treated with sodium carbonate (0°165 gram). 
Considerable effervescence occurred, and a mass of somewhat tarry, 
orange crystals separated which gradually became hard and brittle. 
When dried in air they contained only 4°53 per cent. of nitrogen, 
whereas the brucine salt of the undecomposed benzene-3-diazo-l- 
oxide-4-sulphonic acid should eontain 9°15 per cent. of nitrogen. 
The orange colour of the product suggested an azo-derivative, and 
this conjecture was confirmed by the following experiment. A 
weighed quantity of the meta-diazo-compound was suspended in 
water and introduced into the nitrometer, when on adding aqueous 
ammonia there was a rapid evolution of gas which was complete in 
about five minutes: 0°2347 evolved 12°3 c.c. Ny (moist) at 20° and 
7635 mm. N=5'99. Half the diazo-nitrogen from 

C,;H,0,N.S,H,O 

requires N=6'42 per cent. The orange-coloured solution contained 
a very soluble azo-dye (I), which developed an orange shade on wool 
from a dilute sulphuric acid bath very similar in hue to the dyeing 
obtained from the colouring matter (II) prepared from diazotised 
80,H SO,H Qe r~ 

\ ’ S 
TP tas se OP ee <P Pe 

OH OH OH OH 

(I.) (II.) 


m-aminophenol-4-sulphonic acid and resorcinol. 
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XLV.—Alkaloidal Derivatives of Mercuric 
Nitrite. 
By Prarvutita CHanpra Ray. 


Ir has been shown in previous communications that not only ali- 
phatic and aromatic amines, but also heterocyclic carbon—nitrogen 
ring compounds, such as pyridine, quinoline, piperazine, etc., yield 
definite salts with mercuric nitrite (T., 1912, 101, 616). The ‘action 
of mercuric nitrite on some alkaloids has now been studied, and 
in most cases definite compounds have been obtained. 


ExPERIMENTAL, 


General Method of Preparation—tThe alkaloids were dissolved 
in suitable solvents, such as alcohol, ether, chloroform, etc., but 
rarely in water. The solution was added in a thin stream to a 
solution of sodium mercuric nitrite with constant stirring, care 
being taken that the latter reagent was always in excess. As a 
rule, precipitates were obtained at once, but in some cases there 
was a considerable interval before they were formed. They were 
then dried in a vacuum over sulphuric acid. 

Nicotine and Mercurie Nitrite—The compound had the com- 
position C,,H,,N>,,Hg(NOz)>. 

Found: Hg=43°42. N=11°69. 

C\H,,N.,Hg(NO,). requires Hg=44°05; N=12°31 per cent. 

Coniine and Mercurie Nitrite—A pasty mass was obtained which 
gradually hardened. 

Found: Hg=47°81; N=9°06. 

C.H,;N,Hg(NO,). requires Hg=47°73; N=10°02 per cent. 

Quinine and Mercurie Nitrite—The compound was an amor- 
phous, granular, white powder: 

0°1027 gave 00395 HgS. Hg=33'15. 

00748 ,, 52 cc. N, at 30° and 760 mm. N=8'4l. 

C,,H,,O.N,,Hg(NO,), requires Hg=32°46; N=9-09 per cent. 

Quinidine and Mercurie Nitrite—An amorphous, white powder : 

0°0936 gave 0°1108 CO, and 0°0334 H,O. C=32°28; H=3°97. 

90682 ,, Blec. N, at 28° and 760 mm. N=10°20. 

01086 ,, 0°0470 HgS. Hg=37°31. 
2C,H,,0,N,,3Hg(NO,). requires C=31°49; H=3°67; N=9'19; 

Hg=39°36 per cent. 

The filtrate from the above when further treated with the alka- 

loid yielded a compound of different constitution : 
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0°1110 gave 0°0422 HgS; Hg=33°07. 

C.»H,,0,N,,Hg(NO,), requires Hg=32°40 per cent. 

Cinchonidine and Mercurie Nitrite—On adding an alcoholic 
solution of the base to mercuric nitrite solution, a small quantity of 
precipitate was obtained; but on diluting with water a white, 
voluminous mass was produced. It was washed first with water 
and then with alcohol and dried in a vacuum over sulphuric acid. 

Found: Hg=35°85; N=9°18. 

C,)H,.ON,,Hg(NO,). requires Hg=34°25 ; N=9°60 per cent. 

A second preparation gave the ratio of the alkaloid to mercuric 
nitrite as 2:3: 

0°1266 gave 0°1358 CO, and 0°0472 H,O. C=29°26; H=4'14. 

0°1020 ,, 75 cc. N, at 30° and 760 mm. N=8'12. 

0°1598 ,, 0°0732 HgS. Hg=39°48. 

2C,,5H.ON,,3Hg(NO,), requires C=31'14; H=3°00; N=9'56; 

Hg =40°97 per cent. 

Codeine and Mercurie Nitrite——On using a chloroform solution 
of the alkaloid a viscid mass was obtained which hardened on 
keeping : 

0°1214 gave 0°0345 HgS. Hg=24°50. 

0°0702 ,, 40 cc. N, at 31° and 760 mm. N=6°'28. 

2C,,H,,0,N,Hg(NO,), requires Hg=22°42; N=6°28 per cent. 

On using an alcoholic solution of the alkaloid, a pale yellow, 
granular precipitate was obtained. 


Found: Hg=41°70. 
2C,,H,,0O,;N,3Hg(NO,), requires Hg=40°70 per cent. 

Slight reduction of mercuric nitrite took place. 

Narcotine and Mercurie Nitrite—A chloroform solution of the 
alkaloid was used: 

0°0652 gave 0°1408 CO, and 0°0428 H,O. C=58'88; H=7:29.* 

01116 ,, 26 c.c. N, at 29° and 760 mm. N=2°59. 

0°2562 ,. 00162 Hg. Hg=6°32. 

6C,.H,,0,N,Hg(NO,), requires C=57:19; H=4°98; N=4°04; 

Hg=7'22 per cent. 

A slight reduction of mercuric nitrite was noticed. 

Strychnine and Mercurie Nitrite—On adding a chloroform solu- 
tion of the alkaloid to mercuric nitrite solution and stirring for 
ten to fifteen minutes the liquid began to turn cloudy and ulti- 
mately a precipitate was obtained : 

* In the case of mercury compounds the estimation of hydrogen is often 


untrustworthy, as traces of mercury vapour are apt to be carried into the 
calcium chloride tube. 
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00906 gave 0°1574 CO, and 0°0470 H,O. C=47°38; H=5°77.* 

01280 ,, 88 cc, N, at 31° and 760 mm. N=7°57. 

02315 ,, 0°0596 Hg. Hg=25°77. 

3C.,H,0,N_,2Hg(NO,), requires C=47°66; H=4:16; N=8'82; 
Hg= 25°21 per cent. 


Brucine and Mercurie Nitrite—The compound was a pale pink, 
amorphous powder : 


0°0754 gave 0°1342 CO, and 0°0436 H,O. C=4854; H=6°43. 

00780 ,, 44 cc. N, at 29° and 760 mm. N=6'26. 

01125 ,, 0°2350 HgS. Hg=18°01. 

2Cy3H,0,No,Hg(NO,). requires C=51°11; H=4°82; N=5:19; 

Hg=18°52 per cent. 

A second preparation gave the percentage of mercury as 18°61. 
On repeating the preparation a third time the compound obtained 
had a pale yellow colour instead of pink, as in the preceding 
instances : Z 

0°0925 gave 00158 HgS. Hg=14°73. 

00662 ,, 48 cc. N, at 25° and 760 mm. N=8'18. 

3C,3H,0,N>o,Hg(NO,). requires Hg=13°57; N=7°60 per cent. 


Cocaine and Mercuric Nitrite——The alcoholic solution of cocaine 


gave no immediate precipitate, but after twenty-four hours clusters 
of fine, white, silky needles were deposited : 


00385 gave 0°0468 CO, and 0°0205 H,O. C=33'15; H=5°92. 

00902 ,, 54 cc. N, at 26° and 760 mm. N=6°72. 

01308 ,, 0°0512 HgS. Hg=33°74. 

C,;H,,O,N,Hg(NO,), requires C=34:28; H=3'53; N=7°06; 
Hg =33'61 per cent. 


Conductivity Experiments. 


The cinchonidine and cocaine compounds were appreciably 
soluble in water, and thus they lent themselves to conductivity 
experiments. 


Cinchonidine Mercuric Nitrite. 


2. Me 
1,750 198 
3,500 225 
7,000 241 


* See footnote, p. 508. 
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Cocaine Mercuric Nitrite. 


3. Me 
6,000 18 
12,000 252 
Evidently in both cases the salts dissociate into three ions. 


CuEemiIcaAL LABORATORIES, PRESIDENCY COLLEGE, 
AND COLLEGE OF SCIENCE, 
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XLVI.—Synthesis of a8-Thiocrotonic Acid. 


By Prarutya Cuanpra RAy anp Manik Lat Dey. 


MonocHtLoroacetic acid and thioacetamide have been found to 
interact in acetone solution with the production of aB-thiocrotonie 
acid according to the following equation: 
CH,°CS-NH, + CH,Cl-CO,H = CH,-C——C-CO,H + NH,Cl 
a ;' 


ExPERIMENTAL, 


Molecular proportions of thioacetamide and monochloroacetio 
acid are separately dissolved in the minimum quantity of anhydrous 
acetone, the solutions mixed, and set aside. In the course of 
twenty-four hours a precipitate of ammonium chloride is noticed, 
which increases day by day, and after about a week the ammonium 
chloride is filtered off. 

The filtrate is now freed from acetone by evaporation at the 
ordinary temperature when a heavy, orange-yellow oil of an un- 
pleasant odour remains with a few crystals of ammonium chloride. 
The oil is dissolved in ether, the solution filtered and evaporated, 
and the oil allowed to crystallise in a desiccator. 

It takes about three months to obtain a good crop of crystals, 
but occasionally they appear earlier. The crystals are purified by 
recrystallisation first from acetone and then from alcohol. The 
first crop of crystals obtained in this way were pure, had a faint 
yellow tint, and melted sharply at 135°; when the ethereal solution 
was evaporated slowly, transparent, rhombic plates were obtained. 

The acid is fairly soluble in water, readily so in alcohol, acetone, 
or ether, and sparingly so in chloroform. Its solution rapidly 
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decolorises bromine water and alkaline permanganate solution, thus 
proving its unsaturated character. 

The barium salt forms shining, rhombic. plates, the lead salt 
white, needleshaped crystals, and the silver salt is obtained as a 
faintly yellow, gelatinous precipitate. 

Attempts to analyse the acid met with no success; thus when 
mixed with concentrated nitric acid in a sealed tube for the 
purpose of estimating sulphur, it explodes violently. Fusion with 
sodium carbonate and nitrate is also attended with explosion. The 
barium, silver, and lead salts were therefore analysed. 


Barium salt : 
01238 gave 0'0800 BaSO,. Ba=37°99. 
01118 ,, 01460 BaSO,. S=17°94. 
C,H,O0,S,Ba requires Ba=37°23 ; S=17°44 per cent. 


Lead salt: 
0'1682 gave 0°1368 CO, and 0°0514 H,0. C=22'10; H=3°40.* 
00628 ,, 0°0432 PbSO,. Pb = 46°97. 
Cale. for 
Found. (C,H,0,S,Pb. 
47-17 
22-05 
1-38 


C,H,O,S,Pb requires C=22°05; H=1°38; Pb=47'17 per cent. 

Silver salt : 

0°1250 gave 0°0610 Ag. Ag=48-80. 

C,H,O,SAg requires Ag=48°43 per cent. 

The formula of the compound is thus fully established. 

Mercury Salt——With mercuric chloride the acid forms a com- 
pound containing an atom of chlorine, to which the constitutional 
formula 


must be assigned. 


I. 0:0790 gave 0°0524 HgS. Hg=57'17. 
IT. 00828 ,, 0°0553 HgS. Hg=57°57. 
00920 ,, 00620 BaSO,. S=9°26. 
00812 ,, 0°0339 AgCl. Cl=10°24. 
C,H,0,CISHg requires Hg =57°06; S=9°13; Cl=10°13 per cent, 
* Several samples of organic mercury compounds had been previously 
analysed in the combustion tube and hence traces of mercury vapour were 
carried into the calcium chloride tube, which increased the apparent per- 


centage of hydrogen. 
x* 2 
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Action of Hydriodic Acid. 


The concentrated aqueous solution of the acid was repeatedly 
treated with concentrated hydriodic acid and evaporated to dryness 
on the water-bath so as completely to remove every trace of the 
free halogen acid. The residue was dissolved in water, and on 
treatment with silver nitrate solution it gave a copious, pale yellow 
precipitate of silver Biodo-aB-thiobutyrate : 


CH,-CI—CH-CO, Ag 
i 


8 


0°0256 gave 0°0174 AgI.* Ag=31'23; I=36°73. 
C,H,0,ISAg requires Ag = 30°77 ; I= 36°18 per cent. 


Molecular Conductivity and Dissociation Constant. 


The conductivity of the acid and of its barium salt at different 
dilutions was determined. The dissociation constant of the acid 
and the degree of dissociation of the salt were calculated from 


the data. 
Barium Salt. 


t =25°3°. 


& (equiva- mu (equiva- 

s lent con- lent con- 
in litres. ductivity). RK. ductivity).  «. 
60 42-6 0-000020 0-75 
120 58 0-000019 0-81 
240 77 0-000018 0-86 
480 101 0-000017 0-93 
960 132 0-000016 4,200 0-97 
« 410 mean 0°000018 10,200 1-00 


K for crotonic acid=0°000002; as a general rule, the substitu- 
tion of sulphur for hydrogen in organic acids increases the disso- 
ciation constant. Thus, in the present instance the value of K for 
the thio-compound is considerably higher. 

CHEMICAL LABORATORY, 


COLLEGE oF SCIENCE, 
University or Catcurra. [Received, January 19th, 1917.] 


* By Carius’s method, without addition of silver nitrate. 
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XLVII.—Studies in the Phenylsuccinic Acid Series. 
Part IV. The \-Menthyl Esters of the Duphenyl- 
succinic Acids. 

By Henry Wren and Cuartes James STILL. 


Tue experiments which are described in the present communica- 
tion were undertaken with the primary object of examining the 
action of alkali on the /-menthyl diphenylsuccinates, and in this 
connexion particular interest appeared to be attached to the 
behaviour of di-l-menthyl mesodiphenylsuccinate. It has been 
previously shown that ethyl mesodiphenylsuccinate is converted by 
an excess of boiling aqueous alcoholic potassium hydroxide solu- 
tion into a mixture of the potassium salts of r- and meso-diphenyl- 
succinic acids (Wren and Still, T., 1915, 107, 447), whilst, accord- 
ing to Anschiitz and Bendix (Annalen, 1890, 259, 90), the former 
is the sole product of the action of alcoholic potassium hydroxide 
on the meso-ester. Since, in these experiments, a molecule which 
is inactive by reason of internal compensation is transformed into 
one which is externally compensated, it appeared of interest to 
apply the reaction to a case in which the inactive ethyl groups 
were replaced by an opticaliy active radicle, such as /-menthy]l. 
In the circumstances, it seemed possible that the mixture of 
potassium salts of the d- and /-acids which would be produced 
might contain an excess of one isomeride; although our previous 
experience of the hydrolysis of methyl and ethyl d-diphenyl- 
succinates (Wren and Still, T., 1915, 107, 1454) had shown that 
there was a probability of moderately extensive racemisation, 
nevertheless the unusually high specific rotation of the active acids 
led us to hope that the presence of even a slight excess of one of 
the isomerides would be easily detected. Unfortunately, this 
primary object has proved incapable of realisation, since the 
Lmenthy] esters are so resistant to*the action of alcoholic alkali 
that their complete hydrolysis cannot be effected under conditions 
which would lend any interest to the acids that might be formed. 
On the other hand, certain rather unusual features have been 
ncountered in the preparation of the esters. 

The diphenylsuccinic acids are esterified only with great difficulty 
by -menthol in the presence of hydrogen chloride. In the case 
of the r-acid (and therefore in all probability in the cases of the 
@- and /-acids also), a limit is placed on the temperature which can 
be used, since this substance is immediately transformed at its 
first melting point, 183°, into a mixture of r-diphenylsuccinic 
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anhydride and mesodiphenylsuccinic acid, and this decomposition 
also occurs more slowly at a lower temperature (Anschiitz and 
Bendix, loc. cit.). Experiments with the r-acid and its active com- 
ponents have been uniformly effected at a temperature not exceed- 
ing 120°; in the case of the meso-acid, no such limit is imposed, 
and it has been found advantageous to operate at a considerably 
higher temperature (150°). 

When /diphenylsuccinic acid is heated with an excess of 
l-menthol during seventeen hours at 115—120° in a slow current 
of dry hydrogen chloride, a mixture of acid and normal /-menthyl 
esters is formed. Dil-menthyl /diphenylsuccinate  crystallises 
from ethyl alcohol in long, colourless needles which melt at 
160—161°, and have [a]j/*—214°8° in acetone. l-Menthy]l 
hydrogen /-diphenylsuccinate separates from alcohol in felted 
masses of fine needles which contain one molecule of solvent of 
crystallisation. It melts at 158°5—159°5°. The specific rotations 
of the crystalline and dried products in acetone are [a]}}* —240°3° 
and [a]\} —266°9° respectively. 

If d-diphenylsuccinic acid is heated with /-menthol under con- 
ditions precisely the same as those adopted for the /-isomeride, but 
for a longer period (twenty-seven hours instead of seventeen), a 
somewhat different result is obtained. The only product that has 
been isolated is -menthyl hydrogen d-diphenylsuccinate. This 
substance crystallises from light petroleum in short needles which 
melt at 144—145°, and have [a] +179°5° in acetone solution. 
Attempts to obtain the normal ester of the d-acid in a state of 
optical purity were unsuccessful, but, in the course of these 
attempts, small quantities of pure dit-menthyl mesodiphenyl- 
succinate were isolated. (The appearance of the meso-ester is of 
some interest, as it affords the only direct evidence which has been 
obtained of any racemisation during the esterification of these 
acids under the experimental conditions adopted. It is quite 
possible that a similar formation of meso-ester occurs with the / 
and r-acids, but its detection, if present in relatively small amount, 
would be a matter of considerable difficulty, as its solubility does 
not differ greatly from that of the /-ester.) 

As the preparation of dil-menthyl d-diphenylsuccinate by the 
above method seemed to present considerable difficulties, attempts 
were made to employ other means. The action of /menthol on 
d-diphenylsuccinyl chloride could not be investigated, since the 
d-acid passes into the corresponding anhydride under conditions 
which would appear likely to lead to the chloride (Wren and Still, 
T., 1915, 107, 1458). It appeared probable, however, that 
Lmenthyl hydrogen d-diphenylsuccinate would be converted by 
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thionyl chloride into the corresponding chloride, which might sub- 
sequently react with /-menthol to give the desired normal ester. 
Preliminary experiments, carried out with the more readily 
accessible /-menthyl hydrogen /-diphenylsuccinate, showed that the 
reaction follows an unexpected course; the substance reacts slowly 
with thionyl chloride and yields diphenylmaleic anhydride. 

Another possibility appeared to lie in the replacement of the 
alkyl group of the methyl or ethyl d-diphenylsuccinates by the 
Lmenthyl radicle in a manner similar to that used by Cohn 
(Monatsh., 1900, 21, 200), Lapworth and Hann (T., 1902, 81, 
1499), and McKenzie (T., 1906, 89, 379) in the preparation of 
Lmenthyl acetoacetate. Preliminary experiments, however, with 
ethyl r-diphenylsuccinate showed this substance to be unaffected 
by being heated with an excess of /-menthol in a current of dry 
hydrogen chloride during twelve hours at 115—120°. 

Lastly, it appeared possible that the racemisation noticed during 
attempts to obtain the normal ester from the acid might occur 
during the initial stages of the esterification, and that a pure pro- 
duct might be obtainable by the action of /-menthol on pure 
Lmenthyl hydrogen d-diphenylsuccinate. Experiments have con- 
firmed this view to some extent, and a more highly active product 
has been prepared than that obtained by direct crystallisation in 
the attempt to which reference has already been made. It has 
not been found possible, however, either by crystallisation or by 
mechanical means, to obtain a substance of constant specific rota- 
tion from the limited amount of product at our disposal. As soon 
as it is possible to accumulate the requisite material, it is hoped 
to continue the investigation. 

The action of -menthol on r-diphenylsuccinic acid at 120—125° 
in the presence of hydrogen chloride has also been studied. The 
substances which are isolated from this action depend greatly on 
the mode of treatment of the crude material. In different experi- 
ments, the following compounds have been obtained: di-l-menthyl 
Ldiphenylsuccinate, J-menthyl hydrogen /diphenylsuccinate, 
lmenthyl hydrogen r-diphenylsuccinate, J-menthyl hydrogen 
ddiphenylsuccinate (m. p. 144—145°), and a substance melting at 
154—154°5°, which has been shown to be a second crystalline form 
of the latter ester. In all cases the same method of esterification 
has been used, and the relative quantities of material, duration of 
heating, and temperature have been approximately the same. 

In the first experiments, attempts were made to separate ithe 
normal and acidic products by agitating the ethereal solution of 
the crude material with aqueous sodium carbonate. After this 
treatment, the only compounds which were isolated were /-menthyl 
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hydrogen /-diphenylsuccinate and di-l-menthyl /-diphenylsuccinate, 
The physical constants of these substances show them to be identical 
with those obtained by the action of /-menthol on the /-acid, and 
the identity is confirmed by the melting points of mixtures of 
them. 

The separation of the normal and acidic products of reaction 
by means of sodium carbonate was found to be attended by con- 
siderable difficulty, and in subsequent experiments attempts were 
made to employ other methods. For this reason, the crude material, 
obtained as previously described, was dissolved in alcohol, the 
solution exactly neutralised with aqueous alcoholic potassium 
hydroxide, and evaporated to dryness. The dry residue, consist- 
ing of a mixture of normal ester (or esters) and potassium salts 
of the acid esters, was extracted with dry ether in the expectation 
that the former alone would be dissolved. This was found not to 
be the case. Suitable treatment of the ethereal solution led to 
the isolation of dit-menthyl /diphenylsuccinate and /menthy]l 
hydrogen d-diphenylsuccinate, whilst the portion which did not 
pass into the ethereal solution consisted mainly of potassium 
l-menthyl /-diphenylsuccinate mixed with quantities of material 
from which a homogeneous substance could not be isolated. 

In another experiment, the only modification introduced con- 
sisted in the employment of a somewhat greater volume of ether 
in the extraction of the crude product. This slight variation, how- 
ever, had a considerable effect on the nature of the substances 
isolated, since, from the portion soluble in ether, di-/-menthyl 
Ldiphenylsuccinate, /-menthyl hydrogen r-diphenylsuccinate, and a 
substance which melted at 154—154°5°, and proved to be a second 
crystalline form of Lmenthyl hydrogen d-diphenylsuccinate, were 
obtained. An exhaustive examination of the mother liquors 
obtained from the crystallisation of the first-named substance failed 
to yield indications of the presence of the normal esters of the d- 
or r-acids. 

With regard to the mechanism of the process, it may be noted 
that the first stage of the action of /-menthol on the diphenyl- 
succinic acids may either follow the lines of a normal esterification 
or consist in a preliminary formation of acid anhydride, and sub- 
sequent union of this substance with /-menthol to yield the acid 
ester. Several considerations render the latter course the more 
probable: (1) Repeated attempts to isolate unaltered acid have 
been uniformly unsuccessful, even in those cases in which the dura- 
tion of the reaction has been limited to four hours. (2) In the 
very early stages of the reaction there is an abundant separation 
of water; esterification, if normal, must therefore have occurred 
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very readily, and in consequence the acid ester would be expected 
to be very readily saponified by alkali. Direct experiment shows 
that this is by no means the case. In the second phase of the 
reaction, the menthol appears to react far more readily with 
Lmenthyl hydrogen /-diphenylsuccinate than with the derivative 
of the d-acid, so that an excess of the di-l-menthy] /-ester is pro- 
duced. This result is to be expected from the behaviour of the 
d-and /-acids when esterified separately with an excess of /-menthol 
under similar conditions; after seventeen hours, the /-acid yields 
a considerable proportion of the normal lester, whilst after twenty- 
seven hours the formation of the normal d-ester could not be 
established. Further confirmation is to be found in experiments 
on the esterification of /-menthyl hydrogen r-diphenylsuccinate by 
Lmenthol at 130—140° during ten hours; the product was, unfor- 
tunately, too discoloured to permit of direct polarimetric observa- 
tion, and was recrystallised from alcohol, when the only definite 
product which could be isolated was di-l-menthyl J/-diphenyl- 
succinate. This result can scarcely be attributed to a possible 
resolution of the r-ester by crystallisation, since a careful examina- 
tion of the residues obtained from the filtrate failed to disclose 
the presence of any normal d-ester. In a number of cases it has 
been shown by Marckwald and McKenzie (Ber., 1899, 32, 2130; 
1901, 34, 469), and by McKenzie and his co-workers (T., 1902, 
81, 1411; 1904, 85, 380; 1915, 107, 712), that the enantio- 
morphous forms of which a racemic acid may be considered to be 
composed are esterified with different velocities by an optically 
active alcohol. When, therefore, a deficiency of alcohol is used 
or the process is interrupted before completion, an excess of the 
ester of one form must be produced. In the present instance, an 
excess of alcohol was used in every case, and the remarkable feature 
appears to be the magnitude of the disparity between the rates of 
esterification of the two acid esters. 

A series of experiments on the resolution of /-menthyl hydrogen 
rdiphenylsuccinate and its alkali salts has greatly helped to ex- 
plain the isolation of the various acid esters from the products of 
the action of Lmenthol on the r-acid. It has been found that: 
(i) -Menthyl hydrogen r-diphenylsuccinate is not resolved by 
crystallisation from light petroleum. (ii) Sodium /menthyl dl-di- 
phenylsuccinate is resolved into its diastereoisomerides by crystal- 
lisation from water, in which the derivative of the d-acid is the 
- More soluble. (iii) Sodium /-menthyl dl-diphenylsuccinate can be 
partly resolved by suspending it in water and agitating the sus- 
- Pension with ether ; an excess of the-derivative of the d-acid passes 
into the ethereal layer. (iv) Potassium /-menthyl di-diphenyl- 
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succinate can be resolved by fractional extraction with boiling 
ether, an excess of the ester salt of the d-acid passing into solution, 

The action of /-menthol on r-diphenylsuccinic acid appears there. 
fore most probably to take the following course. The initial step 
consists in the formation of r-diphenylsuccinic anhydride, which 
_ Subsequently reacts with /-menthol to give the /-menthyl hydrogen 

esters of d- and /-diphenylsuccinic acids. These are then further 
esterified, but owing to the greatly superior velocity of esterifica- 
tion of the l-acid ester, the normal Lester is formed in large excess, 
so that the crude, unesterified acid ester probably contains an 
excess of the d-acid derivative. When the acid esters are con- 
verted into their potassium salts and treated with ether, a partial 
resolution occurs, and the ethereal solution contains a greater 
or less excess of potassium /-menthyl d-diphenylsuccinate. With 
a moderate bulk of solvent, conditions may be such that compara- 
tively little potassium /-menthyl J/-ester passes into solution, so 
that, on acidification of the dissolved portion, the /menthy]l 
hydrogen d-diphenylsuccinate is greatly in excess of the r-acid 
ester, and separates in the pure condition when the product is 
repeatedly crystallised from light petroleum; on the other hand, 
with a greater quantity of ether, so much potassium /-menthyl 
Ldiphenylsuccinate may also be dissolved that the acidified pro- 
duct consists of a mixture of d-acid ester with considerable quanti- 
ties of r-acid ester, and, on crystallisation, the latter compound 
just separates, leaving the former in the mother liquors. 

Finally, it should be noticed that the compounds enumerated 
are only those which have been isolated and characterised. They 
do not account for the whole of the material, but, although the 
mother liquors from the various products have been exhaustively 
examined, it has not been found possible to obtain any other sub- 
stance in even an approximately homogeneous condition. 

In the course of the above discussion, it has been pointed out 
that the two esters which are most readily isolated from the pro 
ducts of the action of menthol on rdiphenylsuccinic acid are 
identical with those obtained from the alcohol and the /-acid. 
They might, therefore, possibly be derivatives of either the r- or 
Lacid, their formation being due to a combination of the effect 
of fractional esterification and partial resolution on the one hand 
or of racemisation on the other. The acid ester is doubtless a 
derivative of the acid, however, since when mixed with an equal 
quantity of /-menthyl hydrogen d-diphenylsuccinate it gives 
l-menthyl hydrogen r-diphenylsuccinate, which forms fine needles, 
m. p. 134—135°, [a]}* —43°7° in acetone solution. This substance 
behaves as a definite chemical compound, and can be crystallised 
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from light petroleum without undergoing change in its physical 
constants. The normal ester has not been quite so definitely 
characterised, but the following considerations appear to leave little 
doubt that it also is derived from the /-acid: (i) The specific rota- 
tion is unusually high for the /-menthyl ester of a racemic acid. 
(ii) The difference between the specific rotation of this ester 
(-214-0°) and that of di/-menthyl mesodiphenylsuccinate (—68'5°) 
is much greater than that generally observed between the activities 
of similar optically active derivatives of stereoisomeric acids. 
Instances of this kind have been investigated by Walden (Zeitsch. 
physikal. Chem., 1896, 20, 377), who finds that the amy] esters of 
racemic and mesotartaric acids have respectively [a], +3°37° and 
+4°77°, whilst the similar esters of r- and meso-dimethylsuccinic 
acids have [a], +3°66° and +3°42°; similarly, according to Patter- 
son and Kaye (T., 1906, 91, 710), the molecular rotations of 
Lmenthyl diacetyl--tartrate is —274°, whereas the mean of the 
molecular rotations of /-menthyl diacetyl-d- and -/tartrates is 
—307'5°. (iii) If extensive racemisation had occurred during the 
esterification of the Jl-acid, it is scarcely probable that the pure 
Lacid ester could have been readily isolated; in these circum- 
stances, also, the normal ester would probably contain very con- 
siderable amounts of di-l-menthyl mesodiphenylsuccinate, which 
does not appear to be the case. Under similar conditions, but with 
greatly prolonged heating, some racemisation does occur during the 
analogous action of -menthol on d-diphenylsuccinic acid, but even 
then the proportion of meso-ester formed is very slight, and race- 
misation is not in any sense complete. (iv) Experiments on the 
esterification of the optically active acids with /-menthol show that 
the second phase of the process (conversion of acidic into normal 
ester) occurs much more readily with /-menthyl hydrogen /-diphenyl- 
succinate than with the derivative of the d-acid. The action, there- 
fore, of /-menthol on a molecular mixture of the two substances, if 
interrupted before completion, would lead to the production of an 
excess of the normal /-ester. 

Di--menthyl mesodiphenylsuccinate is slowly formed by the 
esterification of the corresponding acid by /-menthol at 150°. It 
forms long, silky needles which melt at 178—179° and have 
[a|i’® —68°5° in acetone solution. 

As already indicated, the normal /-menthy] esters of the diphenyl- 
succinic acids are hydrolysed with extreme difficulty by slightly 
aqueous ethyl-alcoholic potassium hydroxide solution. Thus, the 
meso-ester is practically unattacked when boiled for two hours with 
an excess of N-alkali, and is only hydrolysed to a very limited 
extent by treatment with approximately 10 per cent. boiling 
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aqueous alcoholic alkali during eighteen hours. Under the latter 
conditions, however, the unsaponified portion appears to be partly 
converted into the racemic ester, which may possibly contain an 
excess of the normal ester of the d or /-acid. The amount of 
material at our disposal was insufficient to allow a complete ex- 
amination of this point, but the reverse change can readily be 
established, since di-l-menthyl mesodiphenylsuccinate readily 
separates, even from the boiling solution, when di-l-menthyl 
l-diphenylsuccinate is treated with an excess of aqueous alcoholic 
potassium hydroxide solution. 

The action of alkali on /-menthyl hydrogen /-diphenylsuccinate 
has also been investigated. This substance is partly hydrolysed 
when treated during four hours with approximately normal boiling 
aqueous alcoholic potassium hydroxide solution. The unattacked 
portion appears to consist mainly of unchanged ester, whilst from 
the hydrolysed part it has been found possible to isolate small 
amounts of /diphenylsuccinic acid in an approximately pure 
condition. 


ExPERIMENTAL, 
Action of 1-Menthol on 1-Diphenylsuccinic Acid. 


A mixture of /-diphenylsuccinic acid ({a],, —386°7° in acetone 
solution, 10°2 grams) and /-menthol (30°6 grams) was heated during 
seventeen hours at 115—120° in a slow stream of dry hydrogen 
chloride. The product, which solidified when preserved overnight, 
was distilled in a current of steam until excess of /-menthol was 
removed and the residual solid was dissolved in ether. The ethereal 
solution was gently agitated with very dilute potassium carbonate 
solution (about 1 per cent.), which caused the separation of a bulky, 
somewhat slimy precipitate (A) in the aqueous layer. The ethereal 
portion was dried over calcium chloride; after removal of the 
solvent, the residue readily solidified and was purified by repeated 
crystallisation from ethyl alcohol until the specific rotation of 
successive crops in acetone was constant. 

Di-l-menthyl |-diphenylsuccinate separates readily from its solu- 
tion in boiling alcohol in well-defined, colourless needles. It is 
moderately soluble in the boiling solvent, very sparingly so in the 
cold. It dissolves freely in cold acetone, benzene, chloroform, or 
light petroleum (b. p. 60—80°). It melts at 160—161°: 


0°1655 gave 0°4788 CO, and 0°1350 H,O. C=78'9; H=9'l. 
C3,H;,0, requires C=79'1; H=9-2 per cent. 


The specific rotation was determined in a number of solvents. 
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In acetone solution : 
l=2,¢=1°720, af* —7:37°, [a]*—214-2° 
l= 2, c= 16895, af’*® - 7-26°, [a]i’* — 214-8°, 

In benzene solution : 
l=2, c=2°475, apy*—12-04°, [a]ff* — 243-2°. 

In chloroform solution : 
l= 2, c=1-7320, af* -—7:77°, [a]p* — 224-3°. 

In ethylene bromide solution : 

l=2, ¢=1°7265, a} —8-27°, [a] - 239-5°. 

lMenthyl hydrogen |-diphenylsuccinate was obtained by the addi- 
tion of mineral acid to the precipitate (A) and purified by repeated 
crystallisation from ethyl alcohol until successive crops had a con- 
stant specific rotation. It is freely soluble in the boiling solvent, 
very sparingly so in the cold, and the solutions show a marked 
tendency to remain supersaturated ; it separates in felted masses of 
colourless needles which contain one molecule of alcohol of crystal- 
lisation. It dissolves readily in cold acetone, benzene, or ether, and 
melts at 158°5—159°5°: 

0°2959 lost 0°0302 at 100—105°. EtOH=10°2. 

C.,Hg0,,EtOH requires ELOH=10'1 per cent. 

01336 * gave 0°3752 CO, and 0°0957 H,O. C=76'6; H=8°0. 
C.,H,.0, requires C=76'4; H=7°9 per cent. 

The specific rotation was observed in acetone solution : 
l= 2, c=1-5750, ap® - 7°57°, [a]p* — 240°3° 
l=2, c=1°8295, a} - 830°, [a]P - 239-99. 

The material, which had been heated at 100—105° until constant 
in weight, was optically examined in acetone and in benzene 
solution. 

In acetone solution : 

l= 2, c=1:3095, ay’ -6°-99°, [a] — 266-99. 


In benzene solution : 
1=2, c= 2°1425, aff* -— 13°39°, [a]p?- 315°4°, 


Action of 1-Menthol on d-Diphenylsuccinic Acid. 


d-Diphenylsuccinic acid ([a], +387°4° in acetone solution, 10°2 
grams) was heated with /-menthol (30°6 grams) during twenty-seven 
hours in a slow current of dry hydrogen chloride. After removal 
of excess of menthol by distillation with steam, the product was 
dissolved in ether and the ethereal solution shaken with aqueous 
sodium carbonate, which remained alkaline ; in this instance, separa- 


* Dried at 100—1065° until constant in wei_ht. 
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tion of the sodium salt of the acid ester was not observed. The 
ethereal solution left, after evaporation, 9°7 grams of solid residue, 
which was purified by repeated crystallisation from boiling light 
petroleum (b. p. 60—80°) until successive crops showed a constant 
specific rotation in acetone solution. The ultimate product proved 
to be /-menthyl hydrogen d-diphenylsuccinate instead of the normal 
ester which would be expected after the treatment outlined above. 

lMenthyl hydrogen d-diphenylsuccinate separates from boiling 
light petroleum (b. p. 60—80°) in soft aggregates of minute, colour- 
less needles. It dissolves readily in the boiling, rather sparingly in 
the cold solvent. It is readily soluble in the usual organic media 
and melts at 144—145°: 

0°2343 neutralised 5°3 c.c. 0°108N-alkali. Calc., 5°3 c.c. 

0°2080 gave 0°5804 CO, and 0°1467 H,O. C=76:'1; H=7°9. 

CygH 0, requires C=76°4; H=7°9 per cent. 
The specific rotation was determined in acetone solution : 


l=2, c=1°5710, af +5°64°, [a]? +179°5° 
l= 2, c=1°5495, ap’* +5°56°, [a]p* +179-4°. 

In the hope of obtaining the normal ester, the entire residues from 
the experiment described above were re-esterified with /-menthol 
for a further period of nineteen hours. After removal of excess 
of menthol and treatment of the residue dissolved in ether with 
sodium carbonate solution, a solid product was obtained which was 
repeatedly crystallised from ethyl alcohol, whereby colourless prisms 
were obtained. Successive crops had the following physical con- 
stants, the specific rotations being determined in acetone solution: 
Crop II, m. p. 93—94°, [a] 7 +54°3°; Crop ITI, m. p. 94°5—95°5°, 
[a]Z* +52°5°; Crop IV, m. p. 94°5—95°, [a]? +50°3°; Crop V, 
m. p. 95—96°, [a]> +41°7°. The last fraction was obviously not 
homogeneous, and, by suitably adjusting the temperature at which 
crystallisation occurred, it was found possible to cause the separa- 
tion of a small crop of long, shining needles from which, after 
recrystallisation, a small amount of substance was obtained which 
was identified as dit-menthyl mesodiphenylsuccinate ; it melted at 
178—179°, and the melting point was unchanged by admixture 
with the synthetic meso-ester (see later). It was levorotatory in 
acetone solution, but the amount available was too minute to 
permit an accurate determination of the specific rotation. The 
ethyl-alcoholic mother liquors from which the crops described above 
had been obtained were united and allowed to evaporate to dry- 
ness at the ordinary temperature. In this manner, well-defined 
double pyramids mixed with a few needles were obtained. The 
former were separated mechanically and crystallised from methyl 
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alcohol ; the product thus obtained melted at 98°5—99°, and had 
(ap? +75°0° in acetone solution (J=2, c=1°8325, ap’ + 2°75°). 
After a further crystallisation from the same solvent, the specific 
rotation of the substance had diminished to +72°3° (J=2, c=1°252, 
a’ +1°81°). It was apparently still not homogeneous, and the 
amount of material was insufficient for further purification. On 
analysis, results were obtained which are in agreement with those 
required for a normal ester. (Found, C=79'1; H=9°2. C,H,,0, 
requires C=79°1; H=9°2 per cent.) 


Action of 1-Menthol on 1-Menthyl Hydrogen d-Diphenylsuccinate. 


A mixture of the acid ester (2°5 grams) and lmenthol (7°5 
grams) was heated at 115—-120° during twenty-five hours in a slow 
stream of dry hydrogen chloride. After removal of excess of 
menthol, the crude product was repeatedly crystallised from methyl 
alcohol. The fourth crop had m. p. 98—99° and [a]> +72°7°. 
Attempts were made to obtain well-defined crystals from it and to 
elect further purification mechanically, as described in the fore- 
going experiment. The most highly active product obtained in this 
manner had [a]}* +73°7° in acetone solution, a figure which is 
slightly lower than the highest value observed in the previous 


experiment. 


Preparation of |-Menthyl Hydrogen r-Diphenylsuccinate. 


Equal quantities of menthyl hydrogen d-diphenylsuccinate and 
Lmenthyl hydrogen /-diphenylsuccinate (heated at 100—105°) were 
dissolved in acetone, the solutions mixed, and allowed to evaporate 
spontaneously to dryness. The product melted at 134—135°. It 
was polarimetrically examined in acetone solution : 

l=2, c=1°4775, af* — 1°30°, [a]* — 43-999. 

The substance is readily soluble in the usual organic media. It 
may, however, be readily crystallised from light petroleum (b. p. 
60—80°), from which it separates in short, well-defined needles 
melting sharply at 134—135°. The specific rotation in acetone 
remains unchanged : 

l=2, c=1°4060, af*® — 1°23, [a]p* ~ 43°79. 

This value is in exact agreement with the mean (—43°7°) of the 
specific rotations of JUmenthyl hydrogen d-diphenylsuccinate 
(+179°5°) and /menthyl hydrogen /diphenylsuccinate (—266°9°) 
under similar conditions: 

0°1541 gave 0°4299 CO, and 0°1119 H,O. C=761; H=81. 

C.,Hg,0, requires C=76'4; H=7°9 per cent. 
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Partial Resolution of Potassiwm 1-Menthyl dl-Diphenylsuccinate 
by Fractional Solution in Ether. 


Equal quantities (each 0°2 gram) of J/-menthyl hydrogen 
Ldiphenylsuccinate and /-menthyl hydrogen d-diphenylsuccinate 
were dissolved in alcohol, and the solution exactly neutralised with 
aqueous alcoholic potassium hydroxide solution in the presence of 
phenolphthalein. The solid residue, obtained after removal of 
alcohol, was heated under reflux with dry ether (30 c.c.) from which 
every trace of acid had been previously removed. A portion dis. 
solved. The solution was filtered and the filtrate shaken with 
dilute hydrochloric acid. The ethereal layer was dried over sodium 
sulphate and the ether removed. The solid residue was _polari- 
metrically examined in acetone solution : 

1=2, c=0°196, a, +0°47°, [a], +119°9°. 

The residue, which remained undissolved in ether, was agitated 
with dilute hydrochloric acid and ether, when two clear solutions 
were ultimately obtained. The ethereal portion was evaporated 
to dryness and the residue heated at 100°. The optical activity 
was determined in acetone solution: 

l=2, e=0°7275, a, —2°30°, [a], —158°1°. 
After being recrystallised from rectified spirit and dried at 
100—105°, the product had [a], —240°3° (/=2, c=0°231, 
a, —1°11°), whereas the value [a]? —266°9° has been found for 
pure /-menthyl hydrogen /-diphenlsuccinate under approximately 
the same conditions. 


Partial Resolution of Sodium |-Menthyl dl-Diphenylsuccinate. 


(a) By Crystallisation from Water—Dry sodium J-menthyl 
dl-diphenylsuccinate (0°5 gram) was dissolved in hot water (20 c.c.) 
and the solution cooled at first to the temperature of the labora- 
tory, and subsequently during one hour in ice-water. The very 
gelatinous, white precipitate (A) was removed, and the filtrate 
acidified with dilute hydrochloric acid, yielding thereby a white, 
caseous precipitate which readily passed into solution in ether. 
After removal of the solvent, a small amount of a varnish-like 
residue was obtained which was polarimetrically examined in 
acetone solution : 

T=2, c=0°1725, a, +0°35°, [a], +101°4°. 

The precipitate (A) was suspended in water, decomposed by 
dilute hydrochloric acid, and the liberated menthyl hydrogen ester 
extracted with ether. After removal of the solvent and desicca- 
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tion of the residue in a vacuum over calcium chloride, it was 
examined in acetone solution: 
l=2, c=1°0405, a, —1°78°, [a], —85°5°. 

(b) By Extraction of the Aqueous Suspension with a Limited 
Amount of Ether—The dry sodium salt (0°5 gram) was dissolved 
in hot water (50 c.c.), and the solution cooled to the ordinary 
temperature, when partial separation occurred. The suspension 
was thoroughly agitated with ether (50 c.c.) which had been 
repeatedly shaken with sodium hydroxide solution and subse- 
quently with water. The ethereal layer was treated with dilute 
hydrochloric acid, dried, and the ether removed. The small solid 
residue thus obtained was examined in acetone solution : 

l=2, e=0°097, a, +0°03°, [a], +15°4°. 
The aqueous suspension was acidified with dilute hydrochloric acid 
and extracted with ether. After removal of the solvent, the 
residue was optically investigated in acetone solution: 

1=2, c=1°680, a, —1°76°, [a], —52°4°. 


Action of Thionyl Chloride on \-Menthyl Hydrogen 1|-Diphenyl- 
succinate. 


-Menthyl hydrogen /-diphenylsuccinate which had been heated 


for two hours at 90—100° (3 grams) was covered with an excess 
of thionyl chloride. The ester immediately passed into solution, 
but after half an hour the evolution of hydrogen chloride was not 
perceptible. The temperature was slowly raised to 40°, when gas 
commenced to be freely evolved. The solution was subsequently 
heated at its boiling point during ten hours, at the end of which 
period there was practically no further disengagement of hydrogen 
chloride. Excess of thionyl chloride was removed in an exhausted 
desiccator over soda-lime, leaving a deeply coloured, crystalline 
residue mixed with a small quantity of oily matter. After being 
twice crystallised from a mixture of benzene and light petroleum 
(b. p. 60—80°), it yielded well-defined, yellowish-green prisms 
which melted at 158—158°5°, were optically inactive in chloroform 
solution, and were free from chlorine. The product was readily 
soluble in dilute, aqueous alcoholic potassium hydroxide solution, 
from which it was immediately precipitated by an excess of mineral 
acid as a mass of pale yellow needles. Analysis showed the sub- 
stance to be diphenylmaleic anhydride. (Found, C=76°87, 76°93; 
H=4:29, 4°31. Cale., C=76°77; H=4-04 per cent.) It has been 
Previously described by Reimer (Ber., 1880, 18, 742) and 
Riigheimer (Ber., 1882, 15, 1626), who gave 155° and 156° 
respectively for the melting point. 
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Action of 1-Menthol on r-Diphenylsuccinie Acid. 


A mixture of dehydrated rdiphenylsuccinic acid (10 grams) and 
Lmenthol (30 grams) was heated in an oil-bath at 120—125° in 4 
slow current of dry hydrogen chloride. After half an hour the 
acid had completely dissolved and, later, oily drops were found to 
have collected on the bottom and sides of the flask. Heating was 
continued during fifteen hours. The viscous, brown oil thus 
obtained was distilled with steam to remove excess of menthol, and 
the residue, which formed a hard cake when cold, was dissolved in 
ether. The ethereal solution was washed with water and then with 
dilute sodium carbonate solution, which caused the separation of a 
bulky, white, gelatinous precipitate (A), rendering the subsequent 
separation of the two layers a matter of considerable difficulty. The 
ethereal solution was dried over calcium chloride, and the residue, 
left after removal of the solvent, purified by repeated crystallisa- 
tion from rectified spirit until successive crops showed a constant 
specific rotation in acetone solution, ten crystallisations being 
necessary to produce this result. The product thus isolated formed 
well-defined, colourless needles which melted at 160—161°, and the 
melting point was unchanged when the substance was mixed with 
an approximately equal quantity of the normal ester prepared by 
the action of /-menthol on /-diphenylsuccinic acid. In acetone solu- 
tion it had [a] —214:0° (J=2, c=1°785, aj’ —7°64°). For the 
reasons stated in the introductory portion of the paper, the sub 
stance is regarded as di-l-menthyl l/diphenylsuccinate. (Found, 
C=79'2; H=91. C,,H,;,0O, requires C=79'1; H=9-2 per cent.) 

The bulky, white precipitate (A) was filtered, dried, and thor- 
oughly extracted with ether. The undissolved portion was sus 
pended in water and decomposed by an excess of dilute hydro- 
chloric acid. The liberated acid ester was extracted with ether 
and, after removal of the solvent, purified by crystallisation from 
rectified spirit. It was obtained in this way as a mass of colour- 
less needles which melted at 158°5—159°5°, had [a]if* —241°3° in 
acetone solution (J=2, e=1°3810, alf* —5°70°), and were in all 
respects identical with Jlmenthyl hydrogen /-diphenylsuccinate, 
C.,H3,0,,C,H,-OH, obtained by the esterification of J/-diphenyl- 
succinic acid with /-menthol. 

In a second experiment the same conditions of esterification were 
adopted, but the products were worked up in a different manner. 
The r-acid (21 grams) was treated as previously described with 
three times its weight of /-menthol and excess of the latter removed 
with steam. The crude product remaining in the distilling flask 
was dissolved in ether and the supernatant aqueous layer ex 
tracted with the same solvent. After removal of ether from the 
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combined extracts, the residue was dissolved in alcohol and exactly 
neutralised with aqueous alcoholic potassium hydroxide solution in 
the presence of phenolphthalein. During the process a consider- 
able quantity of gelatinous precipitate separated. The alcohol was 
completely removed on the water-bath and the solid residue ground 
to a fine powder and dried in a vacuum over calcium chloride. It 
was then repeatedly extracted with small quantities of boiling dry 
ether and the extracts filtered and united. The undissolved portion 
was repeatedly washed with cold ether and the washings added to 
the ethereal extracts. In all, 500 c.c. of ether were employed. The 
operations of extraction and washing are rendered somewhat diffi- 
cult by the property of the residue of swelling up greatly and 
obstinately retaining ether. 

Treatment of Undissolved Portion—The residue was suspended 
in water, decomposed with an excess of dilute hydrochloric acid, 
and the liberated acid ester was extracted with ether. After desic- 
cation of the ethereal solution and removal of the solvent, 12°5 
grams of substance were obtained, which had [a], —159°4° in 
acetone solution. The product was completely and readily soluble 
in a small quantity of cold benzene, and nothing separated from 
the cold solution even after long keeping, so that the presence of an 
appreciable amount of unchanged acid is improbable. The benzene 
was removed and the residue crystallised from rectified spirit ; after 
one treatment, which involved a very considerable loss of material, 
the value for the specific rotation in acetone had increased fo 
-210°7° and, after two further crystallisations, pure /-menthyl 
hydrogen /-diphenylsuccinate (3°8 grams) was obtained which 
melted at 158°5—159°5° and had [a],, —239°3° when dissolved in 
acetone. 

‘The mother liquor obtained from the first crystallisation of the 
lmenthyl hydrogen ester left a considerable solid residue when 
evaporated to dryness. A long series of crystallisations of the 
product from boiling light petroleum failed to yield any homogene- 
ous product, the melting points of the various fractions lying indefi- 
nitely between 90° and 152°. 

Treatment of Ethereal Solution—The residue obtained after 
removal of ether formed a slightly viscid mass with a very faint 
odour of menthol. It weighed 17°7 grams, was neutral in reaction, 
and only slowly soluble in acetone. When dissolved in the latter 
solvent, it had [a], +35°4° (e=1°2715). It dissolved readily in boil- 
ing rectified spirit and, on cooling the solution, needles separated 
which ultimately became a pasty, felted mass. The crop (3°7 
grams) was levorotatory in acetone (J=2, c=0°5195, a, —0°18°, 
[a], —17°3°), and was found to be contaminated with a quantity 
of a potassium salt. It was therefore redissolved in boiling recti- 
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fied spirit containing a small proportion of glacial acetic acid; the 
cooled solution readily deposited well-defined needles (1°2 grams), 
which after being washed successively with alcohol, water, and 
alcohol had [a],, —208°8° in acetone; after a further crystallisation, 
pure di+-menthyl /-diphenylsuccinate, m. p. 160—161° 
[a]>° —213°9° in acetone solution (= 2, e=1°3255, a}* —5°67°), was 
isolated. 

The filtrate obtained after the crystallisation from rectified spirit 
of the material which had [a], +35°4° in acetone was evaporated 
to dryness, leaving a slightly viscid mass, in which the presence of 
potassium was readily detected. It was heated with a considerable 
volume of water, yielding thereby a very soapy solution containing 
a small quantity of slimy, white precipitate, which was removed 
and not further examined. The filtrate was acidified with dilute 
hydrochloric acid, and the heavy, white precipitate which was 
produced was dissolved in ether. After removal of the solvent, the 
residue consisted of an oil, which intumesced strongly and slowly 
solidified to a porous, friable varnish-like mass (6°8 grams) when 
preserved in a vacuum over calcium chloride. It had [a], +92°0° 
when dissolved in acetone (J=2, c=1°1515, a, +2°12°). It dis 
solved readily in boiling light petroleum (b. p. 60-—80°) and, after 
two crystallisations from this solvent, yielded pure /-menthy] hydro- 
gen d-diphenylsuccinate, m. p. 144—145°, [a] +181°1°, in acetone 
solution (/=2, c=1°5545, aj’ + 5°63°). The melting point was un- 
changed by admixture with an approximately equal quantity of the 
acid ester obtained from /-menthol and d-diphenylsuccinic acid. 

In a third experiment, the r-acid (20 grams) was esterified with 
l-menthol (60 grams), the excess of menthol removed, and the acid 
esters converted into their potassium salts in exactly the same 
manner as in the experiment just described. A somewhat larger 
volume of dry ether (700 c.c. instead of 500 c.c.) was used for the 
extraction of the solid residue. The portion which remained un- 
dissolved was treated with dilute hydrochloric acid and ether, and 
the ethereal solution was evaporated to dryness. After a single 
crystallisation from rectified spirit, the residue yielded almost pure 
l-menthyl hydrogen /-diphenylsuccinate, which, after being heated 
at 100°, had [a]? —262°1° in acetone solution (J=2, e=1°5165, 
a}! —7°95°), the value observed for the pure ester under similar 
conditions being —266°9°. 

The portion soluble in ether, after removal of the solvent, was 
extracted with warm water; the part which remained undissolved 
yielded dit-menthyl I-diphenylsuccinate after purification from 
alcohol and contained small quantities of ‘material, from which a 
homogeneous substance could not be isolated in addition to a little 
potassium salt which had escaped extraction; it did not give any 
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indication of the presence of di--menthyl d-diphenylsuccinate or 
of the corresponding ester of the r-acid. The portion which dis- 
solved in water was decomposed by dilute hydrochloric acid, and 
the caseous precipitate of acid esters was dissolved in ether. The 
ethereal solution left, on evaporation, an oily residue, which ulti- 
mately solidified to a brittle, varnish-like mass. The latter was 
purified by two crystallisations from boiling light petroleum (b. p. 
60—80°), when well-defined, needle-shaped crystals (4 grams) were 
isolated, which were found to consist of -menthyl hydrogen r-di- 
phenylsuccinate. They melted at 134—135°, and the melting point 
remained unaltered by admixture with an approximately equal 
quantity of the r-ester prepared from its two components. The 
specific rotation was determined in acetone solution: 


1=2, c=1°9135, a, —1°68°, [a],, —43°9°. 


The synthetic r-ester has [a]!?°—43-°7° under similar conditions. 

The mother liquor from the first crystallisation of the r-ester 
from light petroleum was allowed to evaporate spontaneously at the 
ordinary temperature ; the brittle, glassy, yellow solid thus obtained 
weighed 8 grams and had [a], +79°0° in acetone solution (/=2, 
c=1°791, a, +2°83°). It was heated with a small quantity of 
boiling light petroleum and the solution filtered from a small 
amount of sparingly soluble matter; the well-cooled filtrate slowly 
deposited a crop (2°5 grams), which melted at 151°5—152°5° and 
had [a],, + 170°3° in acetone solution. After repeated recrystallisa- 
tion, well-defined, transparent prisms were obtained, which melted 
constantly at 154—154°5° and had [a]} +1784° (/=2, c=1°513, 
ay +5°40°): 

0°1505 gave 0°4226 CO, and 0°1073 H,O. C=76'6; H=8°0. 

C.,H,.0, requires C=76°4; H=7°9 per cent. 


The analytical results show the substance to be a J/-menthyl 
hydrogen diphenylsuccinate, and the practical identity of the 
specific rotations of this substance and of /-menthyl hydrogen d-di- 
phenylsuccinate in acetone (+178°4° and +179°5° respectively) 
points to the existence of the latter in two different crystalline 
forms ; this conclusion is confirmed by the observation that, in one 
case, a specimen of the substance (m. p. 144—145°) had become 
spontaneously converted into the form of higher melting point 
when preserved for some months in a desiccator over calcium 
chloride. Also, the melting point of a mixture of approximately 
equal quantities of the two esters lies at 154—154°5°, and, further, 
if the ester of lower melting point is maintained at about 146° for 
some minutes, it gradually solidifies and subsequently melts at 
154—154°5°, whilst the same change can be instantaneously induced 
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higher melting point. 


Further Atttempts to Prepare Di-l-menthyl r-Diphenylsuccinate, 


I. By the Action of 1\-Menthol on 1\-Menthyl Hydrogen 
r-Diphenylsuccinate——A mixture of the acid ester (2 grams) and 
l-menthol (6 grams) was heated at 130—140° during twenty hours 
in a slow stream of dry hydrogen chloride. The product, after 
removal of excess of l-menthol by steam, solution in ether, and 
removal of the solvent in the usual manner, formed a discoloured, 
slightly viscid mass which was too dark to permit of direct polari- 
metric investigation. It was crystallised from boiling rectified 
spirit, when well-defined needles (0°8 gram) were deposited, which 
melted at 160—161° after slight previous softening and had 
[a], —208°7° in acetone solution (J=2, c=0°908, a, —3°79°), 
After two more recrystallisations from the same solvent, pure di- 
menthyl /-diphenylsuccinate was obtained in colourless needles 
melting at 161—162°. The specific rotation was determined in 
acetone solution : 

l= 2, c=1°645, aff - 7:04°, [a]? — 214-09. 

The mother liquor from the first crystallisation of the Lester 
was decolorised with animal charcoal and the solution evaporated 
to dryness. A transparent, brittle, yellow solid (1°2 grams) 
remained, which had [a], + 14°3° in acetone solution. It dissolved 
readily in boiling light petroleum, but nothing separated when 
the solution was cooled in a freezing mixture of ice and salt, the 
conditions employed being those under which /-menthyl hydrogen 
d-diphenylsuccinate is fairly readily deposited even when in an 
impure condition. It was also readily soluble in boiling methyl 
alcohol, and the cooled solution slowly deposited a small crop of 
somewhat discoloured needles, which melted indefinitely at 
87—120° and had [a],, +5°2° in acetone solution, thus giving no 
indication of the presence of any considerable amount of 
dit-menthyl d-diphenylsuccinate. 

II. By the Action of 1-Menthol on Ethyl r-Diphenylsuccinate— 
The mixture of ester (1 gram) and /-menthol (3 grams) was heated 
in a slow current of dry hydrogen chloride during twelve hours at 
115—-120°; the product was worked up in the usual manner, and, 
after being crystallised from light petroleum (b. p. 60—80°), was 
identified by crystalline form, melting point (84—85°), alone and 
when mixed with the synthetic ether, as unchanged ethyl 


r-diphenylsuccinate. It was optically inactive in acetone solution 
(¢=1°327). 
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Action of 1-Menthol on mesoDiphenylsuccinie Acid. 


A mixture of mesodiphenylsuccinic acid (7°9 grams) and 


Lmenthol (23°7 grams) was heated at 150° during twenty hours 


in a slow current of dry hydrogen chloride. 
excess of -menthol by steam, the residue was dissolved in a large 


After removal of 
The ethereal solution was shaken with aqueous 


was decolorised with animal charcoal and crystallised from alcohol. 
After two crystallisations, the substance was optically pure. 

Di-l-menthyl mesodiphenylsuccinate separates from alcohol in 
long, silky needles. It is rather sparingly soluble in the boiling, 
very sparingly so in the cold, solvent. It dissolves readily in cold 
chloroform, carbon tetrachloride, or benzene, sparingly in cold 
acetone or boiling light petroleum (b. p. 40—60°). It melts at 
178—179°: 

0'1542 gave 0°4460 CO, and 0°1270 H,O. C=78°9; H=9°2. 

CygH;,O, requires C=79°1; H=9°2 per cent. 
The specific rotation was determined in a number of solvents. 


In acetone solution : 
= 2, c=1°5175, aif? — 2-089, [a]p* — 68-5° 
l= 2, c= 12275, a}* -1°68°, [a]p* — 68-4°. 
In ethylene dibromide solution : 
= 2, c=1°1530, aff* — 1:56°, [a]p*® -— 67°6°. 


In benzene solution: 
1=2, c=1:0420, af -1°91°, [a]? -91-7°. 


In chloroform solution: 
1=2, c=1:2780, a? -—1-97°, [a]i?? - 77-19. 


Attempts to Hydrolyse the 1-Menthyl Esters of the Diphenyl- 
succinie Acids with Aqueous Alcoholic Potassium Hydroxide 


Solution, 


A. Action of Alkali on Di-l-menthyl mesoDiphenylsuccinate.— 
Preliminary experiments having shown that this substance is only 
very slowly attacked by alkali, the ester (1 gram) was heated under 
reflux with a solution of potassium hydroxide (11 grams), ethyl 
alcohol (100 c.c.), and water (20 c.c.) during eighteen hours. The 
progress of some change was indicated by the ultimate failure of 
the solution to deposit a crystalline precipitate when cooled, 
whereas in the earlier stages of the experiment, the slightly cooled 
solution readily deposited needles of unchanged meso-ester. The 
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alcohol was removed on the water-bath, when the odour of menthol 
became definite but not strong. The aqueous alkaline liquid was 
extracted with a large volume of ether and the solvent removed, 
The residue was recrystallised from alcohol, and, when polarimetric. 
ally examined in ethylene dibromide solution, had [a],, — 113-49, 
Since the meso-ester has [a] if* —67°6° in this solvent, it is evident 
that the normal product must have undergone alteration, but the 
amount of material was too small to permit further investigation. 

B. Action of Alkali on Di-l-menthyl 1|-Diphenylsuccinate—tThe 
pure Jester (1 gram) was heated to boiling under reflux with 
aqueous ethyl-alcoholic potassium hydroxide solution (approx. 2N, 
25 c.c.). The substance did not immediately dissolve, but, after 
a few minutes, a change in the nature of the undissolved portion 
became apparent, and, after two and a-half hours, the original pre- 
cipitate seemed to have been completely replaced by a mass of very 
fine needles. These were filtered from the hot solution, washed 
with a little alcohol, and crystallised from a considerable volume 
of the same solvent. On cooling, silky needles (about 0°25 gram) 
separated from the solution, which were identified as di-l-menthy]l 
mesodiphenylsuccinate. They melted at 178—179°, and the melt- 
ing point was unaltered by admixture with an approximately 
equal quantity of the synthetic meso-ester. The specific rotation 
was determined in acetone solution: 


~=2, e=1-005, a, —1°37, [a], —68°2°. 


Synthetic di--menthyl mesodiphenylsuccinate has [a]}‘—68'4° 
for c=1°2275 in acetone. 

C. Action of Alkali on 1-Menthyl Hydrogen |-Diphenylsuccinate. 
—The acid ester ({a], —237°3° in acetone, 3 grams) was boiled 
under reflux with aqueous ethyl-alcoholic potassium hydroxide 
solution (0°99N, 30 c.c.) during four hours. The resulting solu- 
tion was heated on the water-bath until the alcohol was completely 
removed and the odour of menthol had disappeared. Excess of 
hydrochloric acid was now added, and the mixture was thoroughly 
extracted with ether. The residue obtained from the ethereal solu- 
tion, after being dried at 100°, had [a],, —224°4° in acetone. It 
was dissolved in boiling rectified spirit; the thoroughly cooled 
solution deposited a small crop of crystals (A), whilst the filtrate, 
when evaporated to dryness, left a glassy residue (B). The former, 
after being heated at 105°, melted at 155°5—156°5° and had 
fa], —257°5° in acetone solution (J=2, c=1°233, a, —6°35°), and 
thus consisted of nearly pure unchanged /-menthyl hydrogen 
l-diphenylsuccinate. The residue (B) was recrystallised from 
benzene, from which a white, apparently amorphous, precipitate 
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slowly separated. It melted at 180—182°, resolidified, and again 
melted at 220—223°. It had [a], —342°2° in acetone solution 
(l=2, c=0°431, ap —2°95°), and thus appeared to consist of some- 
what impure /-diphenylsuccinic acid (the pure d-diphenylsuccinic 
acid has [a] +397°3° in this solvent; Wren and Still, T., 1915, 
107, 450). On titration with standard alkali, 0°0805 gram of 
substance was found to neutralise 5°45 c.c. of 0°0957 A-alkali, the 
quantities theoretically required for this weight of pure acid and 
lLmenthyl hydrogen ester being respectively 6°23 c.c. and 2°06 c.c. 
The residue obtained from the benzene mother liquor melted in- 
definitely at 122—145°, and a homogeneous substance could not 


be isolated from it. 


The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
part of the cost of the investigation. 
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XLVIIIl.—-Attempts to Prepare Asymmetric Quinque- 
valent Nitrogen Compounds. Part I. 5-Amino- 
Salicylie Acid and Related Compounds. 


By (the late) RapHart Metpora, Henry Stennett Foster, and 
RAINALD BRIGHTMAN. 


By the successive benzylation and methylation of ‘sopicramic acid, 
Meldola and Hollely (T., 1914, 105, 1480) obtained benzylmethyl- 
isopicramic acid (I). On treatment with ethyl sulphate this, how- 


OH OEt 0 
No,“ \NO, NO,/ NNO, No, NNO, 
\Z ad VV 
N Me:C,H, NMe:C,H, NMeEt-0,H- 
(I.) (II.) (III.) 
ever, gave chiefly the phenolic ether, 2 :6-dinitro-4-benzylmethyl- 
aminophenetole (II), and by concentration of the alkaline filtrate 
they subsequently obtained a very small quantity of the desired 
quinone~-ammonium compound, 2: 6-dinitro-4-benzylmethylethy]- 
ammonium-1l-benzoquinone (III) (T., 1914, 105, 2073). 
Their researches on the extreme alkylation of the alkylated iso- 
VOL. OXI. Y 
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picramic acids showed that the phenolic ether was generally formed 
as well as the quinone-ammonium compound. 

We therefore undertook the examination of other derivatives of 
p-aminophenol in the hope of obtaining similar compounds contain- 
ing an asymmetric nitrogen atom, but in more satisfactory yield. 
In particular, it appeared desirable to examine the derivatives of 
5-aminosalicylic acid, as it might be expected that the carboxyl 
group would be of service in the resolution of any asymmetric 
nitrogen compounds that might be obtained. 

At the outset of our investigation we found that although a 
number of substituted salicylic acids had already been described, 
the descriptions were imperfect, and in several cases it was neces- 
sary again to examine the preparation and properties of the com- 
pounds in question. In consequence of this, our investigation was 
largely diverted from the immediate search for asymmetric nitro- 
gen compounds to a preliminary survey of the field. 

An attempt to methylate 5-aminosalicylic acid directly ended in 
failure. It was sought to obtain 5-methylaminosalicylic acid in- 
directly by condensing 5-aminosalicylic acid with monochloroacetic 
acid, and then eliminating the carboxyl group from the side-chain 
in the product by the action of heat. However, the condensation 
did not proceed in the expected direction. 


On benzylation only a dibenzyl derivative could be obtained, 
which on methylation gave the quinone-ammonium compound, 
2-carboxy-4-dibenzylmethylammonium-l-benzoquinone (IV) or its 
isomeride (V): 

2. OH 
“co, /\co——-o 


| | 
4 | 
NMe(C,H,), NMe(C;H;)- 
(IV.) (V.) 
Some further properties of 5-aminosalicylic acid were also brought 
to light during the research. The acid reacts readily with 2:3:6- 
trinitro-4-acetylaminophenol, giving an iminazole (VI) with éli- 


OH 


wo 
NO, +NH,°C,H,(OH):CO,H —> 


OH 
NO, NNO, . 
NCH (0B)00; 


N=U-CH, 
(VI.) 
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mination of a nitro-group in the way which has been shown to be 
characteristic of this substance (Meldola and others, T., 1906, 89, 
1935; 1908, 98, 1659): 

Substituted 5-aminosalicylic acids were then examined. An 
attempt to obtain 3-nitro-5-aminosalicylic acid (VII) by the nitra- 
tion of 5-acetylaminosalicylic acid led to the formation of acetyl- 
isopicramic acid (VIII) by nitration and elimination of the carboxyl 


group : 


OH OH 
No, \cO,H 
( 


(VIII.) 


3:5-Dinitrosalicylic acid was then prepared and reduced to 
j-nitro-3-aminosalicylic acid. 

This acid is easily acetylated, and on diazotisation yields a 
yellow diazo-oxide, which gives a rather indefinite azo-compound 
with B-naphthol. 

From this diazo-oxide, by means of the Sandmeyer reaction, 
$chloro-5-nitro-, 3-bromo-5-nitro-, and 5-nitro-3-cyano-salicylic acids 
were prepared, and on reduction the corresponding 3-chloro-5- 
amino- and 3-bromo-5-amino-salicylic acids were obtained. The 
former on acetylation gives a diacetyl compound, from which the 
Ymonoacetyl derivative was obtained by hydrolysis. On benzyla- 
tion the chloroaminosalicylic acid gives a mixture of the mono- 
and di-benzyl derivatives, from which the former was isolated. 

The preparation of 5-nitro-3-cyanosalicylic acid was undertaken 
with a view to ascertain whether the substituted isophthalic acid 
obtainable from this by hydrolysis and reduction: 


OH OH 
oN/Co,H =_, ~—- C0,” NCO, 

\Z Ma! © 

NO Na, 


would yield a monobenzyl derivative more readily than the corre- 
sponding isopicramic acid: 


The poisonous nature of the cyano-acid, however, led to the aban- 
donment of this project, and an attempt to obtain the ¢sophthalic 
y 2 
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acid by the application of the Reimer-Tiemann reaction to 5-nitro. 
salicylic acid : 


OH OH 
“ /\ 
CHO/ \CO,H _, = C0,” \co,H 


ha \Z 
No, NH 


2 
was also unsuccessful. 

Owing to war exigencies, it was not possible to prosecute the 
research further. The above results, however, appear to justify 
the expectation that 3-substituted-5-aminosalicylic acids would be 
mono-alkylated more readily than the parent substance. It would 
therefore appear probable that asymmetric nitrogen compounds of 
the type: 


may be obtained by subsequent workers in this field. 


ExPERIMENTAL. 
5-Nitrosalicylic Acid. 


One part of salicylic acid was slowly added to one part of nitric 
acid (D 1°41) in four parts of water, and the mixture was heated 
on a water-bath for an hour with stirring. The nitrosalicylic acid 
separated on cooling, and was crystallised once from hot water. 

When a solution in 20 per cent. sodium hydroxide solution was 
boiled for ten hours with chloroform, the acid was recovered un- 
changed. 


5-A minosalicylic Acid. 


One part of nitrosalicylic acid was dissolved in eight parts of 
hydrochloric acid (D 1°16) and two parts of tin were dissolved in 
the solution by boiling. On adding a few drops of concentrated 
sulphuric acid to the solution after the complete reduction, a white, 
crystalline precipitate formed on cooling, which was evidently 
a double salt. This was collected and well drained, but not 
washed, as it was readily soluble in water. It was then treated 
with concentrated sodium carbonate solution until no further effer- 
vescence took place and the solution was just alkaline. The boiling 
solution was rapidly filtered from the precipitated tin hydroxide, 
the residue washed once or twice with a little hot water, and the 
filtrate and washings were acidified with glacial acetic acid, when 
the 5-aminosalicylic acid separated. 
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By recrystallisation from water, its melting point was consider- 
ably raised. Starting with the purest nitrosalicylic acid obtainable 
and crystallising the amino-acid twice from water, a specimen 
melting at 283° was obtained. Hiibner (Annalen, 1879, 195, 18), 
Beilstein (ibid., 1864, 180, 243), and Schmidt (Jahresber., 1864, 
383) state that the acid decomposes at 280°. 


Attempted Methylation of 5-Aminosalicylic Acid. 


(1) Two grams of aminosalicylic acid were digested with 1°65 
grams of methyl sulphate and methyl alcohol under reflux. Solu- 
tion was complete in about half an hour, and after about two hours 
the contents of the flask were evaporated nearly to dryness on the 
water-bath. Water was added, and the evaporation again carried 
nearly to dryness. The residue was dissolved in a little water, and 
on adding concentrated hydrochloric acid to the solution, silvery 
sales separated. These began to blacken at 250°, and finally 
melted at 270°. Further examination proved that these crystals 
were the hydrochloride of aminosalicylic acid, and methylation had 
therefore not taken place. 

(2) Aminosalicylic acid was heated with methyl sulphate at 100° 
for an hour, but solution did not take place. The whole was then 
poured into water and the excess of methyl sulphate destroyed by 
heating with dilute hydrochloric acid, the last traces being removed 
with ammonia. On concentrating the solution and adding hydro- 
chloric acid, nothing but ammonium chloride could be isolated. No 
precipitate was produced when an attempt was made to diazotise 
the solution. 

(3) No definite methylated product could be isolated by treating 
aminosalicylic acid with methyl sulphate and sodium hydroxide. 


5-Dibenzylaminosalicylic Acid. 


Molecular quantities of aminosalicylic acid, benzyl chloride, and 
sodium acetate were digested with a little water for three days on 
the water-bath, and ammonia was then added until complete solu- 
tion was obtained. After some hours, hydrochloric acid was added 
and the white precipitate was freed from unchanged aminosalicylic 
acid by dissolving in ammonia and reprecipitating from much 
warm water. The compound was difficult to crystallise, being very 
sparingly soluble in alcohol or acetic acid. When crystallised from 
alcohol it dried to a white, amorphous powder melting at 
168—169° : 

0°2578 gave 9°6 c.c. N, at 13°5° and 759 mm. N=4°38. 

C,,H,,O,;N requires N=4°21 per cent. 
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The substance had distinctly acidic properties, being readily 
soluble in dilute ammonia. It possessed no basic properties and 
melted under water. Its reducing properties were revealed in an 
attempt to prepare a silver salt. A silver mirror was obtained 
when a solution of the ammonium salt was treated with silver 
nitrate solution. 


2-Carboxy-4-dibenzylmethylammonium-1-benzoquinone (IV or V). 


Dibenzylaminosalicylic acid was methylated by treatment with 
methyl sulphate and alkali hydroxide in the usual way. The pro- 
duct was a resinous substance, which was collected and digested 
with hydrochloric acid. The resinous mass was again collected, 
and from the acid extract white crystals separated after leaving it 
a day or two. 

The substance was collected, dissolved in alkali, and reprecipi- 
tated with hydrochloric acid. The precipitate was crystallised from 
a small amount of alcohol, from which it separated in dense, colour- 
less prisms melting at 103°: 

0°1791 gave 6°7 c.c. N, at 23°5° and 754°3 mm. N=4'16. 

C..H,,0,;N requires N=4°04 per cent. 


Condensation Product of Trinitroacetylaminophenol and 
Aminosalicylic Acid (V1). 


The trinitroacetylaminophenol (1°7 grams) was boiled with 
aminosalicylic acid in aqueous solution for three-quarters of an 
hour. A brown solid separated, which crystallised from alcohol, in 
which it is sparingly soluble, in ochreous nodules, decomposing 
between 220° and 300°: 

0°1124 gave 14°8 c.c. N, at 20°5° and 763 mm. N=15-02. 

C,;H,O,N, requires N=14°98 per cent. 


4-Hydrozy-3-carborybenzeneazo-B-naphthol, 
OH:C,,H,"N."C,;H,(OH)-CO,H. 


Aminosalicylic acid (2°5 grams) was diazotised in the usual way, 
and the solution, from which the diazo-compound had partly sepa- 
rated, was added to a well-cooled alkaline solution of B-naphthol 
(2°4 grams). The solution was acidified with hydrochloric acid, 
when a red, colloidal mass separated. For purification, this was 
dissolved in dilute sodium hydroxide and precipitated hot with 
acid, followed by digestion with boiling alcohol, in which it was 
practically insoluble: 

0°1976 gave 15:1 c.c. Ny at 17°5° and 763°4 mm. N=8'89. 

C,;H,.0,N, requires N=9°09 per cent. 
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The azo-compound when freshly precipitated possessed a bright 
red colour, but dried to a dark red, amorphous powder. It dis- 
solved in sulphuric acid, giving a magenta-red coloration, and 
melted and decomposed at 245°. 


Action of Nitric Acid on Aminosalicylic Acid. 


No definite nitration product was obtained by treating amino- 
salicylic acid in sulphuric acid solution with fuming nitric acid. 

Acetylaminosalicylic acid was therefore prepared by boiling 
aminosalicylic acid with acetic anhydride for a few minutes. After 
dilution with water, the solution was evaporated to dryness on the 
water-bath, and the product crystallised from alcohol. The acetyl- 
aminosalicylic acid obtained in this way melted at 197° (Hiibner, 
Annalen, 1879, 195, 19, and Grandmougin, Ber., 1906, 39, 3930, 
give 218°). An attempt to esterify it with methyl-alcoholic 
sulphuric acid only resulted in its hydrolysis. 

The acetylaminosalicylic acid was added to an excess of fuming 
nitric acid cooled in ice. The substance gradually dissolved with 
evolution of gas, and in a few minutes the production of a sub- 
stance forming a somewhat insoluble ammonium salt was shown 
by a test on a drop of the solution. The whole product was then 
poured into water, and immediately neutralised at as low a 
temperature as possible by the gradual addition of ammonia. The 
ammonium salt, which separated in the cold in flat, orange needles, 
was decomposed with hydrochloric acid, and the product purified 
by solution in very dilute potassium hydroxide solution and re- 
precipitation with hydrochloric acid. The substance, which 
separated slowly in long, flat, ochreous needles, melted at 177°, 
and appeared to be identical with that obtained by nitrating 
acetylaminosalicylic acid in acetic acid solution with fuming nitric 
acid. (Found, N=17°63. C,H,O,N, requires N=17°44 per cent.) 
The identity of the substance with acetylisopicramic acid was 
shown by hydrolysing it with concentrated sulphuric acid and a 
little water. The product had all the properties of isopicramic 
acid, and a mixture of the two showed no depression of the melt- 
ing point. 


3:5-Dinitrosalicylic Acid. 


A mixture of 50 c.c. of fuming nitric acid with 20 c.c. of con- 
centrated sulphuric acid was cooled in ice, and 10 grams of sali- 
cylic acid were gradually added with constant stirring. After an 
hour the mixture was poured ou ice. After several hours, the 
product was collected, and, after crystallising once from water, 
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was usually pure enough for use. The dinitrosalicylic acid 
obtained melted at 173—174°. 

When larger quantities of the acid were required, it was found 
better to nitrate 10 grams at a time than to nitrate in batches of 
20 or more grams. Pure dinitrosalicylic acid shows the pheno 
menon of supersaturation in its solutions to a marked degree, and 
care must be taken to avoid loss through this in crystallising. 


5-Nitro-3-aminosalicylic Acid. 


Hiibner, Babcock, and Schaumann (Ber., 1879, 12, 1345) state 
that this acid can be obtained by the partial reduction of 3:5- 
dinitrosalicylic acid with ammonium sulphide. They give no 
details, however, and their description of the properties of the 
nitroaminosalicylic acid is inaccurate. 

It was found necessary to avoid as much as possible both excess 
and deficiency of ammonium sulphide, as the formation of diamino- 
salicylic acid or the presence of unchanged dinitrosalicylic acid 
caused trouble in the purification. 

Twenty grams of dinitrosalicylic acid, 60 c.c. of water, 40 c.c. of 
concentrated ammonia, and 79 c.c. of yellow ammonium sulphide 
were heated on the water-bath to the boiling point for about 
twenty minutes with frequent shaking. After cooling somewhat, 
concentrated hydrochloric acid was added in sufficient excess to 
redissolve everything except sulphur. The solution was boiled 
and filtered. The cooled filtrate was nearly neutralised by add- 
ing concentrated ammonia, and the brown crystals which separated 
were collected in the cold and purified by solution in dilute hydro 
choric acid (one part of acid to two of water) and reprecipitation 
with ammonia. The nitroaminosalicylic acid so obtained was pure 
enough for most purposes. 

For analysis, the product was treated once more with acid, pre- 
cipitated with ammonia, and then crystallised twice from hot 
water. These crystals were suspended in a very little water and 
treated with hydrochloric acid. The white, crystalline hydro 
chloride was crystallised twice from hydrochloric acid and then 
decomposed with dilute ammonia. After a further crystallisa- 
tion from hot water, the nitroaminosalicylic acid obtained in this 
way was analysed. ; 

5-Nitro-3-aminosalicylic acid crystallises from hot water in 
scarlet needles, which melt and decompose at 234° (constant) if 
the temperature of the bath is raised rapidly. The crystals slowly 
change to an ochreous powder at 100°, losing one molecule of water 
of crystallisation. (Found, H,O=8°34. Cale, H,O=8'34 per 
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cent.) The acid is very readily soluble in alcohol, but only very 
sparingly so in cold water. It dissolves readily in water above 
85°. The solution of the acid in ammonia possesses a deep red 
colour, the solution in hydrochloric acid showing a yellowish-brown 
coloration. (Found, C=42:19; H=290; N=1399. Calc., 
c=4241; H=3:05; N=14'15 per cent.) 


Diazotisation of 5-Nitro-3-aminosalicylie Acid. 


A small quantity of nitroaminosalicylic acid was dissolved in an 
excess of dilute hydrochloric acid, and the solution was treated 
with sodium nitrite. The yellow product when crystallised from 
alcohol separated in bright yellow needles, which became brown 
on drying at 100°. It exploded violently if suddenly heated, but 
decomposed gradually at 145—150°. The substance dissolved in 
alkali to a deep red solution : 

00936 gave 15°8 c.c. N, at 16° and 767°7 mm. N=19°88. 

C;H,0;N, requires N =20°10 per cent. 

Two grams of the dry diazo-oxide were gradually added to an 
alkaline solution of 1°4 grams of B-naphthol, cooled in ice. After 
some time, the solution was acidified, but the resinous, brown 
mass which separated could not be crystallised, and on account of 
its indefinite and unsatisfactory character it was not further 
investigated. 


5-Nitro-3-acetylaminosalicylie A cid. 


A mixture of nitroaminosalicylic acid and acetic anhydride soon 
became pasty on stirring, through the separation of a voluminous, 
yellow solid, and in about half an hour the whole was poured into 
water. The ochreous, crystalline product when crystallised from 
dilute alcohol separated in pale ochreous needles melting at 249°; 
it was very readily soluble in alcohol and fairly so in water: 

01129 gave 0°1855 CO, and 0°0328 H,O. C=44'81; H=3-22. 

01211 ,, 12°35 ec. Ny at 24° and 7649 mm. N=11°51. 

C,H,O,N, requires C=44°98; H=3°36; N=11°67 per cent. 


3-Chloro-5-nitrosalicylic Acid. 


Nitroaminosalicylic acid was diazotised as described above, and 
the diazo-oxide was collected and drained. It was then added to 
an excess of a solution of freshly prepared cuprous chloride in 
hydrochloric acid, with vigorous stirring. Evolution of gas 
occurred, and the solution became pasty through the separation of 
a white solid. The liquid was warmed on the water-bath for about 

y* 
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an hour until all the nitrogen had been evolved. The chloro. 
nitrosalicylic acid was collected and crystallised two or three times 
from a small quantity of hot water. 

3-Chloro-5-nitrosalicylic acid crystallises from water in long, 
white, silky needles melting at 202—203°. It is very readily 
soluble in alcohol: 

0°1199 gave 0°0786 AgCl. Cl=16°22. 

O°2111 ,, 12°25 c.c. N, at 19°5° and 761 mm. N=6'66. 

C,H,O;NCl requires Cl=16°30; N=6°44 per cent. 


3-Chloro-5-aminosalicylic Acid. 


The chloronitrosalicylic acid was added to a hot mixture of 
hydrochloric acid and tin. Reduction at once took place, with 
some evolution of heat, and after boiling to complete the reduc- 
tion, the solution was decanted from the undissolved tin. On 
cooling, a considerable deposit of glistening, white scales was 
observed, consisting probably of the tin double salt. The 
crystals were drained, but not washed. They were then boiled 
with a slight excess of a hot concentrated solution of sodium 
carbonate, and on acidifying the filtrate, the chloroaminosalicylic 
acid separated as a white, microcrystalline powder. It could be 


crystallised from water, in which it was not very readily soluble. 
The acid melted and decomposed at 259—260°, and was practically 
insoluble in alcohol: 


0°1105 gave 0°1808 CO, and 0°0457 H,O. C=44°63; H=4'59. 

01519 ,, 96 c.c. No at 19° and 761°7 mm. N=7'29. 

01743 ,, 01309 AgCl. Cl=18°58. 

C,H,O,NCl requires C=44°62; H=3°20; N=7°47; Cl=18°91 

per cent. 

Diacetyl Compound.—The chloroaminosalicylic acid was warmed 
with acetic anhydride for a short time on the water-bath. The 
substance did not dissolve, and on pouring the mixture into water 
a white solid was obtained, which crystallised from dilute alcohol 
in small, stout, white needles melting at 218°. The substance is 
insoluble in water, but very readily soluble in alcohol: 

0°1738 gave 83 c.c. N, at 25° and 753°3 mm. N=5°27. 

C,,H,,O;NCl requires N=5'16 per cent. 

The .same substance was obtained by acetylating the chloro 
amiuosalicylic acid with acetic anhydride and a few drops of 
sulphuric acid. 
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3-Chloro-5-acetylaminosalicylic Acid. 


The above diacetyl compound was partly hydrolysed by boiling 
for a few minutes with sodium carbonate solution, in which it is 
readily soluble. On acidifying the solution, a white substance 
separated, which crystallised from much water in white needles 
melting and decomposing at 258°. The substance is sparingly 
soluble in water, very readily so in alcohol, and turns pink on 
long exposure to the air: 

01051 gave 0°1818 CO, and 0°0421 H,O. C=47:13; H=4'45. 

01527 ,, 805 c.c. N, at 23° and 7556 mm. N=5'91. 

C,H,O,NCI requires C=47°05; H=3'51; N=6°10 per cent. 


Diazotisation of Chloroaminosalicylic Acid. Formation of the 
Diazo-oxide. 


Chloroaminosalicylic acid was dissolved in dilute hydrochloric 
acid, and to the solution, cooled in ice, sodium nitrite was added 
in excess. A yellow substance separated which was almost in- 
soluble in water or alcohol, but crystallised from acetic acid in 
ochreous scales detonating at 193°: 


01158 gave 14°4 c.c. Ng at 195° and 760°5 mm. N=14°27. 
C;H,0,N.Cl requires N=14'11 per cent. 


5-Chloro-4-hydrozxy-3-carboxybenzeneazo-B-naphthol. 


Two grams of chloroaminosalicylic acid were diazotised as 
described above, and the solution was poured into cold alkaline 
Bnaphthol solution. After some time, the deep red solution was 
acidified with hydrochloric acid, and the bright red colloidal pre- 
cipitate was purified by precipitation with acid from hot dilute 
alkaline solution, followed by digestion with boiling alcohol. 

The substance is’ extremely sparingly soluble in alcohol or hot 
acetic acid, imparting an orange colour to these solvents. The 
trace dissolved by acetic acid separates in a non-crystalline form 
on dilution with water. 

The azo-compound dried to a dark brick-red, amorphous solid 
melting and decomposing at 287°. It dissolves in sulphuric acid to 
& magenta-red solution. A trace of mineral matter was still 
present, for which the analysis was corrected: 

0'2280 gave 15°9 c.c. N, at 19°5° and 764°9 mm. N=8°05. 


C,,H,,0O,N,Cl requires N=8'18 per cent. 
x* 2 
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Benzylation of Chloroaminosalicylic Acid. 


Five grams of chloroaminosalicylic acid were heated on the 
water-bath with benzyl chloride (3°4 grams), a little water, and 
sodium acetate (4 grams) for two days. Ammonia was then added 
until the solution was alkaline, and a small quantity of a non- 
acidic residue was removed. The filtrate was rendered just acid, 
and a brown resin separated, which slowly became granular. This 
was dissolved in dilute ammonia, and on precipitating in the cold 
with dilute hydrochloric acid, it separated in almost white, floccu- 
lent masses. Analysis (Found, N=4'56) showed it to consist of 
a mixture of the mono- and di-benzyl derivatives. The substance 
was very readily soluble in alcohol, and slowly separated from this 
solvent in brown nodules. By recrystallising twice from this 
solvent, a small quantity of the monobenzyl derivative was 
obtained : 

0°1684 gave 7°7 c.c. Ny at 23°5° and 756:0 mm. N=5'll. 

C,,H,,0,NCl requires N=5'11 per cent. 

On attempting to effect the benzylation without the addition of 
sodium acetate, unchanged chloroaminosalicylic acid formed the 
main bulk of the product. 


3-Bromo-5-nitrosalicylic Acid. 


The preparation of this acid by the bromination of 5-nitro- 
salicylic acid has been described by Lellmann and Grothmann 
(Ber., 1884, 17, 2724). We prepared it by applying the Sand- 
meyer reaction to nitroaminosalicylic acid. 

5-Nitro-3-aminosalicylic acid was diazotised as already described, 
and the freshly prepared diazo-oxide, after being quickly freed 
from as much water as possible, was added to a solution of cuprous 
bromide in hydrobromic acid. A considerable evolution of gas 
occurred on warming on the water-bath, but the bulky solid which 
separated at first passed into solution as the temperature rose. 
The solid which separated on cooling was crystallised frequently 
from water. It was very readily soluble in alcohol or hot water, 
but sparingly so in cold water. From dilute aqueous solution it 
crystallised in long, transparent needles, and from more concel- 
trated solutions in dense, white rosettes. 

The substance was found to be identical with that obtained by 
Lellmann and Grothmann, but the above method appears to give 
a larger yield and a purer product than by the bromination pro- 
cess. The bromonitrosalicylic acid process melted at 226—227°. 
Lellmann and Grothmann give 222°. 
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3-Bromo-5-aminosalicylie Acid. 


Lellmann and Grothmann (ibid.) obtained the hydrochloride 
of this acid, but stated that the free amino-acid could not be 
isolated. 

3-Bromo-5-nitrosalicylic acid was easily reduced by a hot solu- 
tion of stannous chloride containing metallic tin. After a short 
time, the nitro-acid completely dissolved, and concentrated 
sulphuric acid was added to the solution, when the sulphate of 
the amino-acid slowly separated in flat, silvery needles. These 
were washed with a little dilute sulphuric acid and then decom- 
posed in the usual way by boiling with concentrated sodium 
carbonate solution. The solution was rendered slightly alkaline 
with ammonia and filtered to remove hydroxides of tin. On 
neutralising the filtrate with acetic acid, the amino-acid separated 
as a white, crystalline substance, which was purified by solution 
in ammonia and neutralising the hot solution with hydrochloric 
acid. The amino-acid separated on cooling in white, microscopic 
crystals which began to darken at 240°, and melted and decom- 
posed at 255°: 

0'2202 gave 11°9 c.c. Ng at 16° and 754°55 mm. N=6°25. 

01050 ,, 0°0849 AgBr. Br=34°41. 

C;H,O,NBr requires N=6°04; Br=34°45 per cent. 


5-Nitro-3-cyanosalicylie Acid. 


The diazo-oxide of nitroaminosalicylic acid, obtained as already 
described, was added to a solution of cuprous cyanide. The solu- 
tion was kept stirred during the addition of the diazo-oxide, which 
was accompanied by a vigorous evolution of gas. The reaction 
was completed on the water-bath, and the dark substance which 
separated on cooling was crystallised from a small quantity of 
water, with the addition of a little animal charcoal. From the 
deep red solution, pale yellow crystals separated at first, but these 
speedily acquired a red tint if the solution was not rapidly 
cooled. 

The substance was readily soluble in sodium carbonate solution, 
being precipitated by acid. It was fairly readily soluble in water, 
but very sparingly so in alcohol. It lost one molecule of water 
of crystallisation on drying at 100°, and the anhydrous cyano-acid 
melted at 205°. 

The acid was readily oxidised by the air. An attempt was made 
on a small scale to hydrolyse it, but it proved to be remarkably 
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stable, although some change was produced by heating with 80 per 
cent. sulphuric acid: 
0°6921 lost 0°0556 H,O. H,O=8:03. 
C,H,O;N,,H,O requires HJO=7°96 per cent. 
0°1158 gave 0°1955 CO, and 0°0218 H,O. C=46-05; H=2°09 
01050 ,, 12°4 c.c. N, at 25° and 767°3 mm. N=13°31. 
C,H,O;N,. requires C=46'14; H=1°98; N=13°47 per cent. 


Finspury TECHNICAL COLLEGE. [Received, April 25th, 1917.) 


XLIX.—Attempts to Prepare Asymmetric Quinquevalent 
Nitrogen Compounds. Part II.  Nitrated 
Hydroxydiphenylamines. 


By (the late) Rapnart Metpoia, Henry Stennett Foster, and 
RAINALD BRIGHTMAN. 


In continuance of our attempts to obtain compounds containing 
an asymmetric nitrogen atom from isopicramic acid and other 
derivatives of paminophenol, it appeared to be of interest to 
examine the properties of the diphenylamine derivatives prepared 
by condensing p-aminophenol with 4-chloro-1 : 3-dinitrobenzene and 
similar compounds containing a mobile halogen atom. 

2:4-Dinitro-4/-hydroxydiphenylamine yields on acetylation and 
subsequent nitration and hydrolysis a trinitrohydroxydiphenyl- 
amine in which the third nitro-group probably enters the phenolic 
ring. Attempts to methylate or benzylate this compound were 
unsuccessful, and although the acetyl derivative could be nitrated, 
attempts to hydrolyse the resulting tetranitroacetyldiphenylamine 
were unsuccessful. 

p-Methylaminophenol was then condensed with 4-chloro-1:3- 
dinitrobenzene, but the attempt to nitrate the 2:4-dinitro4’ 
hydroxydiphenylmethylamine ended in failure. 

On attempting to nitrate 2:4: 6-trinitro-4/-hydroxydiphenyl- 
amine (Turpin, T., 1891, 59, 718), an isomeric substance was 
obtained with distinctly less phenolic properties and a melting 
point considerably higher than that of Turpin’s compound. 

Finally, 2:4:6:3/:5/-pentanitro-4/-hydroxydiphenylamine was 
obtained by condensing picryl chloride with isopicramic acid. 

All attempts to alkylate or benzylate these nitrated hydroxy- 
diphenylamines met with such unpromising results that the 
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research was abandoned. It seemed unlikely that asymmetric 
quinquevalent nitrogen compounds would be obtained in this field. 


Ex PERIMENTAL. 


2:4-Dinitro-4!-hydroxydiphenylamine, 
4 \nat SN 
OHC PNA NO 
Nv, 

p-Aminophenol (10 grams) and 4-chloro-1 :3-dinitrobenzene 
(175 grams) were separately dissolved in the minimum quantity 
of boiling alcohol. The intensely red solution obtained on mixing 
these solutions was heated under reflux for two hours. Dark red 
crystals separated on cooling, and a further quantity separated on 
diluting somewhat with water. The whole precipitate was 
collected and purified by repeated precipitation from hot alcohol 
with an equal volume of hot water. 

The product separated in small, flat, bright red needles melt- 
ing at 195—196°. Nietzki and Simon give (Ber., 1895, 28, 2973) 
190°, and they did not analyse the substance : 

01192 gave 0°2281 CI, and 0°0361 H,O. C=52:19; H=3°37. 

01316 ,, 173 ec. Ny at 17°5° and 765°4 mm. N=15°33. 

C,.H,O;N, requires C=52°35; H=3°30; N=15°28 per cent. 

The substance is readily soluble in alkali, being precipitated 
again by acid. It also crystallises well from dilute acetic acid. 

It was subsequently found that the yield was greatly improved 
both in quantity and in quality by the addition of the theoretical 
quantity of sodium acetate to the mixed solutions of the 
ingredients. 


Acetylation of 2:4-Dinitro-4!-hydroxydiphenylamine. 


Ten grams of the substance were gradually added to 50—100 c.c. 
of acetic anhydride. On the addition of a few drops of concen- 
trated sulphuric acid, a yellow, crystalline solid began to separate, 
but gradually dissolved again. The mixture was left for a few 
hours until a clear solution was obtained, and was then poured 
into water. An oil separated which in a few minutes solidified 
to a yellow mass. This on crystallisation from alcohol separated 
in pale yellow needles, melting at 140°, and consisting of the 
diacetyl derivative: 

0°1182 gave 0°2305 CO, and 0°0393 H,O. C=53'19; H=3°69. 

01366 ,, 14:3 cc. N, at 20° and 753°9 mm. N=11°88. 

C\.H,;0,N, requires C=53°46; H=3'65; N=11°70 per cent. 
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The NV-monoacetyl derivative was prepared from the above by 
careful alkaline hydrolysis. 

This was best effected by boiling an alcoholic solution of the 
diacetyl compound with dilute sodium carbonate solution for a 
few minutes and then acidifying. 

The yellow scales obtained crystallised from alcohol and melted 


at 195°: 
0°2070 gave 24°05 c.c. N, at 19°5° and 754°4 mm. N=13°22. 
C,,H,,0,N, requires N=13°25 per cent. 
That the substance was the N-acetyl derivative follows from its 
solubility in dilute sodium hydroxide solution and precipitation 
with acid. 


2:4: ?-Trinitro-4'!-hydroxyacetyldiphenylamine. 


A mixture of fuming nitric acid and glacial acetic acid was 
added to a cold suspension of the monoacetyl compound in a 
little glacial acetic acid, when complete solution was obtained. 
After a few minutes the mixture was poured into water, and the 
product purified by crystallisation from alcohol, from which it 
separated in pale yellow needles melting at 202—203°: 


0°1247 gave 0°2111 CO, and 0°0332 H,O. C=46°17; H=2°96. 
0°1416 ,, 19°2 cc. N, at 19°0° and 761°6 mm. N=15'63. 
C,,H,,O;N, requires C=46°39; H=2°78; N=15°48 per cent. 


The substance was soluble in dilute sodium hydroxide solution. 
An attempt to hydrolyse it with alcoholic sodium hydroxide 
yielded only a black, amorphous substance. The hydrolysis was 
effected by heating with sulphuric acid and a few drops of water. 
The reddish-brown product was almost insoluble in alcohol, but 
crystallised from glacial acetic acid in minute, brick-red needles 
melting at 239—240°: 


0°0917 gave 13°9 c.c. N, at 16°5° and 7566 mm. N=17'54. 
C,.H,O,N, requires N=17°51 per cent. 


An attempt to methylate this substance by treatment with 
methyl sulphate and sodium hydroxide in the usual way failed, 
although some slight apparent change occurred. 

An attempt to benzylate the substance by digesting it for four 
days with the molecular quantities of benzyl chloride and sodium 
acetate in the presence of a little water also failed, the substance 
being recovered unchanged. 
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Nitration of the Diacetyl Compound of 2:4-Dinitro-4!-hydroxy- 
diphenylamine: 2:4: 1%: %-Tetranitro4!-hydroxyacetyldiphenyl- 


amine. 


The diacetyl compound is nitrated far less readily than the 
N-monoacetyl derivative. It was dissolved in a little glacial acetic 
acid and left overnight in contact with fuming nitric acid. On 
pouring into water, a yellow substance separated which was 
sparingly soluble in alcohol, but crystallised from glacial acetic 
acid in ochreous plates melting at 209—211°.* The same product 
was obtained by adding the diacetyl compound to fuming nitric 
acid in the cold and leaving the mixture for an hour. It was 
also prepared by treating the nitration product of the N-mono- 
acetyl compound with fuming nitric acid. The nitration mixture 
was poured into water, and the identity of the product with that 
obtained from the diacetyl compound was proved, after crystal- 
lisation, by analysis and by the method of mixed melting points: 


0'1573 gave 23°1 c.c. N, at 14° and 760°6 mm. N=17'29. 
C,,H,O,,N; requires N=17°21 per cent. 


Attempts to hydrolyse this substance with nearly concentrated 


sulphuric acid and with alcoholic sodium hydroxide ended in 
failure. The substance dissolved in dilute sodium hydroxide to 
an orange-coloured solution. 


2:4-Dinitro-4'-hydroxydiphenylmethylamine, 


ong Me < NO, 


No, 


Molecular proportions of 4-chloro-1 : 3-dinitrobenzene (3°2 grams), 
pinethylaminophenol (2 grams), and sodium acetate (2°3 grams) 
were digested for an hour in boiling alcoholic solution. A dark 
ted substance separated on cooling, and a further quantity was 
obtained by diluting the filtrate with water. The whole product 
was crystallised from 50 per cent. alcohol, from which it separated 
in lustrous plates melting at 195°: 

0°1208 gave 15°4 c.c. N, at 14°5° and 737°3 mm. N=14°52. 

C,;H,,0;N, requires N=14'54 per cent. 

Attempts to nitrate it with fuming nitric acid in glacial acetic 

acid solution gave no definite results. 


* The compound is possibly the 2:4:3’:5’-derivative which is stated to 
melt at 210° (Ber., 1905, 38, 1599). 
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Action of Nitric Acid on 2:4:6-Trinitro-4’-hydroxydiphenylamine, 


The compound melted at 178°, whilst Turpin (T., 1891, 59, 719) 
gives 174°. 

An attempt was made to nitrate this substance by dissolving 
it in glacial acetic acid and treating it with a mixture of fuming 
nitric acid and acetic acid. The product was a yellowish-red sub- 
stance, practically insoluble in alcohol or water, but crystallising 
from acetic acid in small, brick-red scales melting at 222°: 

0°1292 gave 0°2114 CO, and 0°0302 H,O. C=44°63; H=2%59, 

01123. ,, 17°00 cc. N, at 14°5° and 753°2 mm. N=17°60. 

C,,H,O,N, requires C=44°97; H=2°59; N=17°51 per cent. 

This new substance is distinctly less phenolic than the original 
substance. It dissolves in alkali hydroxide to a brown solution 
and is precipitated again by acid. 


2:4:6:3/:5/-Pentanitro-4'-hydroxydiphenylamine. 


Picryl chloride (2°5 grams) and isopicramic acid (2 grams) were 
digested together in alcoholic solution, and sodium acetate 
(2 grams), dissolved in a little hot water, was added. The red, 


flocculent precipitate of the sodium salt which at once formed 
was coliected and crystallised from water. From this solvent it 
separates in shining, red plates which do not melt, but explode 
above 300°: 

0°0998 gave 16°7 c.c. Ny at 17° and 761°2 mm. N=19°45. 

0°3792 ,, 0°0608 Na,SO,. Na=5°20. 

C,,H;0,,N,Na requires N=19°45 ; Na=5°32 per cent. 

On treatment with dilute acids, the free compound is obtained. 
This is insoluble in water and sparingly so in alcohol, but crystal- 
lises from glacial acetic acid as a microcrystalline, ochreous powder 
melting at 248°. It is phenolic in character, dissolving in alkali 
hydroxide to a deep brown solution, from which it is precipitated 
unchanged by acid: 

0°1285 gave 0°1656 CO, and 0°0315 H,O. C=35':15; H=272. 

01052 .,,. 18°85 cc. N, at 182° and 755°2 mm. N=20°64. 

C,.H,0,,N, requires C=35-11; H=1°48; N=20°50 per cent. 


Finspury Tecunicat CoLiece. [Received, April 25th, 1917.) 
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L.—Attempts to Prepare Asymmetric Quinqueralent 
Nitrogen Compounds. Purt III. Hydroxy- 
phenylglycine. 


By (the late) RapHarL Mexpoia, Henry Stennett Foster, and 
RAInaLD BRIGHTMAN. 


Ivy continuation of our researches on the derivatives of p-amino- 
phenol with the object of obtaining asymmetric nitrogen compounds, 
as stated in Part I., we attempted to condense 5-aminosalicylic acid 
with monochloroacetic acid. The product of the reaction was not 
the expected 4-hydroxy-3-carboxyphenylglycine, but quite a different 
substance, containing a higher percentage of nitrogen. We there- 
fore prepared hydroxyphenylglycine itself with the object of benzyl- 
ating it, and then, by the action of heat, of obtaining benzylmethy]l- 
paminophenol, hoping from this to obtain an asymmetric quinone— 
ammonium compound of the type: 


Ox > NMe(C,H »):O,H,. 

The benzylation product of hydroxyphenylglycine appeared to 
be little changed by heat, and we were unable to combine the pro- 
duct with propyl iodide or allyl iodide. 

Attempting then to obtain substituted hydroxyphenylglycines of 
the type: 


x 


oH )NH-CH,-CO,H and OHK NA-CH,-CO,H, 
s a 


we obtained unsatisfactory results on nitration and also on attempt- 
ing to combine hydroxyphenylglycine with diazotised pnitro- 
aniline. 

We therefore attempted to obtain the desired substituted hydr- 
oxyphenylglycines by condensing monochloroacetic acid with 
2:6-substituted paminophenols. 

2:6-Dibromoaminophenol and isopicramic acid, however, did not 
appear to react. with monochloroacetic acid, although isopicramic 
acid condensed with pnitrobenzyl chloride, giving p-nitrobenzyliso- 
picramic acid, 
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This compound, however, did not appear to undergo methylation, 
and the search for asymmetric nitrogen compounds in this direction 
was discontinued. 


EXxPERIMENTAL. 


p-Hydroxyphenylglycine, HOC > H-CH,:CO,H. 

Vater (J. pr. Chem., 1884, [ii], 29, 286) obtained this compound 
by digesting one molecular proportion of monochloroacetic acid with 
two molecular proportions of paminophenol and 20 parts of water. 

We found that a better yield was obtained by using molecular 
proportions of »aminophenol (3 grams), monochloroacetic acid 
(2°6 grams), and sodium acetate (4 grams) in aqueous solution. The 
pink solid which separated was collected and crystallised from 
water, from which it separated only on stirring in a somewhat floc- 
culent form. (Found, N=8°42. Calc., N=8°39 per cent.) 

On digesting the substance with the theoretical quantities of 
benzyl chloride and sodium acetate in aqueous solution, a black, 
tarry product was obtained. 

This was heated in a sulphuric acid bath to about 160° until the 
evolution of gas ceased. Little apparent change was caused by this 
treatment, and on digesting small portions with allyl iodide and 
with propyl iodide the substance appeared unchanged. 

On treatment with acetic anhydride and a few drops of sulphuric 
acid hydroxyphenylglycine acetylates very readily, but the product 
is extremely soluble in water and difficult to isolate. 

Hydroxyphenylglycine appears to nitrate readily in acetic acid 
solution, but the nitration product does not appear on dilution, 
and does not form an insoluble ammonium salt. 


Action of Diazotised p-Nitroaniline on Hydroxyphenylglycine. 


The ;nitroaniline (3°4 grams) was diazotised and the solution 
added slowly to a well-cooled alkaline solution of hydroxyphenyl- 
glycine (4°2 grams). After an hour the solution was acidified, when 
a dark brown, amorphous substance separated. This was purified 
by solution in hot sodium hydroxide solution and reprecipitation 
with acid. 

The dried product was decomposed by heating with concentrated 
sulphuric acid and a little water until evolution of carbon dioxide 
ceased. On dilution a brown, amorphous substance was obtained, 
which no longer possessed acid properties. Phenolic properties were 
indicated by its solubility in alcoholic sodium hydroxide to a brown 
solution, from which it was reprecipitated on dilution. 
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The substance was a very insoluble, uncrystallisable, amorphous 
substance, and the research was therefore discontinued. 


Action of Chloroacetie Acid on Dibromoaminophenol. 


Molecular quantities of the hydrochloride of dibromoaminophenol 
(3 grams), monochloroacetic acid (0°93 gram), and sodium acetate 
(2'7 grams) were digested with water for four hours. On cooling, a 
brown product with some resinous matter was obtained. The 
resinous matter was removed by extraction with alcohol, in which it 
was very sparingly soluble.’ On careful dilution with water, dull, 
brick-red needles separated from the alcoholic solution, which 
darkened at 172° and melted at 182°. They appeared to be the 
unaltered base, somewhat impure. 


Action of Chloroacetic Acid on isoPicramic Acid. 


Monochloroacetic acid and isopicramic acid were digested together 
in molecular proportions in alcoholic solution for some hours. 
isoPicramic acid was obtained unchanged, and a similar result was 
obtained by digestion in boiling aqueous solution in the presence 
of a molecular proportion of sodium acetate. 


p-Vitrobenzylisomcramic Acid. 


isoPicramic acid (2 grams), pnitrobenzyl chloride (1‘7 grams), 
and sodium acetate (1'4 grams) were digested together with water 
on the water-bath for three days. On adding ammonia, a nearly 
black precipitate of an ammonium salt was obtained. This was 
decomposed with hydrochloric acid, and the product repeatedly 
crystallised from alcohol, from which it separated in fine, black 
crystals melting at 193°: 

0°1156 gave 0°1977 CO, and 0°0368 H,O. C=46°65; H=3°54. 

01200 ,, 17°65 cc. Ny at 18° and 758 mm. N=16'93. 

C,;H,O;N, requires C=46°69; H=3°02; N=16°77 per cent. 

An attempt was made to methylate this substance by treatment 
with excess of methyl sulphate in the presence of alkali. The result, 
however, was unsatisfactory, and owing to the extremely small yield 
the product was not examined, the research being thereupon dis- 
continued. 


Finspury Trcunican CoLLEcr. [Received, April 25th, 1917.] 
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LI.—The Constitution of Cyanamide. 
By Emire Cotson. 


Since the publication of the earliest researches on the constitution 
of cyanamide, two possible structural formule have been suggested, 
namely, the normal formula, NiC-NH,, and the carbodi-imide 
formula, NH:C:NH (Cannizzaro and Cloez, Annalen, 1851, 78, 
229; Mulder, Ber., 1873, 6, 656; Nencki, Ber., 1876, 9, 1009; 
Drechsel, J. pr. Chem., 1875, [ii], 11, 350; Filetti and Schiff, Ber., 
1877, 10, 425). More recently, Palazzo and Scelzi (Gazzetta, 1908, 
38, i, 673) have worked at the subject without, however, contribut- 
ing any decisive arguments. The constitution of the dialkylcyan- 
amides is now clearly proved, but in the case of the mono-deriy- 
atives and of cyanamide itself the structure is not yet settled. 
Some derivatives of carbodi-imide are known, namely, carbodipro- 
pylimide (Chancel, Compt. rend., 1893, 116, 329), obtained by the 
action of mercuric oxide on s-dipropylthiocarbamide and carbodi- 
phenylimide obtained also by the same method from thiocarb- 
anilide. There is also carboditolylimide. It appeared to be of 
interest to resume the study of this question, and in the course of 
a series of researches with this end in view, but not yet finished, 
it was thought that it might be possible to throw some light on 
the subject, by examining the derivatives of the two isomeric forms 
and of cyanamide itself, by means of some method of physico-chemi- 
cal investigation. 

Refractivity and absorption spectra have often proved invalu- 
able aids in determining structure in difficult cases. Cyanamide, 
which is easily polymerised, may be classed in this category. 

While studying the literature of this subject from this new point 
of view, I found that Briihl (Zeitsch. physikal. Chem., 1896, 16, 
218) had compared the molecular refractivities of carbodipropyl- 
imide and dipropylcyanamide. This decided me to investigate the 
question from the point of view of refractivity. 

I first proposed to determine the refractive power of cyanamide, 
diethylcyanamide, and carbodiphenylimide, hoping that these 
investigations, combined with those already made by Briihl, would 
provide sufficient material to allow conclusions to be drawn as to 
the constitution of cyanamide. 

Later, however, for various reasons, I decided not to examine 
carbodiphenylimide, chiefly because it was scarcely possible to keep 
the product in a pure state. Another objection was that the pres 
ence of two phenyl groups might lead to the probable existence of 
optical anomaly or exaltation, which would diminish the range of 
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ssible deductions. Moreover, spectrochemical constants which had 
been found for carbodipropylimide might provide a foundation on 
which an accurate basis of reasoning might be constructed. 


EXPERIMENTAL. 
Cyanamide. 


As a result of Franck and Caro’s process for the industrial pre- 
paration of calcium cyanamide and the application of this product 
in the domain of agriculture, the newly aroused interest in cyan- 
amide has led to fresh methods of preparation. Of the different 
processes recommended, most of which I have tried, the best one 
would seem to be that which consists in treating thiocarbamide in 
solution with freshly prepared mercuric oxide (Drechsel, Joc. cit. ; 
Volhard, J. pr. Chem., 1874, [ii], 9, 24; Baumann, Ber., 1873, 6, 
1371): 

NH,°CS-:NH, + HgO= HgS + H,O + CN,Hg. 
Normally, the operation requires the presence of a little ammonium 
thiocyanate. 

Whilst applying this method in principle, the modification 
adopted by Winterstein and Kiing (Zeitsch. physiol. Chem., 1909, 
59, 141) was employed. -From 80 to 82 per cent. of the theoretical 
yield was obtained, which is the same as that given by these 
authors. J, 

The melting point of cyanamide has been given as 40°, 41—42°, 
and 42°. In the various preparations of the product necessitated 
by its lack of stability, I have always observed a melting point of 
43—44°, both in the case of microscopic crystals obtained by eva- 
porating in a vacuum a solution of the product in pure ether, the 
process being repeated, and of the product obtained by distilling 
the material at 140°/19 mm.; much melamine is left in the distill- 
ing flask. 

It should be noted that it is difficult to remove the last traces of 
ether from the freshly prepared product; under these conditions 
cyanamide begins to melt at 39°. 

It was found possible to keep cyanamide in a state of fusion at 
48° for one or two hours without producing any change in the 
melting point and without any appreciable polymerisation occur- 
ting, which would be shown by partial insolubility in ether. 


Diethylcyanamide. 


_This was prepared by the action of ethyl iodide in excess on the 
‘ilver derivative of cyanamide precipitated from a very dilute 
‘olution. 
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The mixture was heated for four hours on a water-bath under 
reflux. The yield is not very satisfactory, as at each fresh distil. 
lation of the product a partial decomposition takes place. The 
boiling point was found to be 186—187°. 


Determination of Physical Constants. 


The densities of cyanamide and diethylecyanamide were deter. 
mined at 48° and also the refractivities at the same temperature, 
using the Pulfrich refractometer. In calculating the molecular 
refractivity the Lorentz and Lorenz formula was used in order to 
facilitate the comparison of the results with those of Briihl: 


2 = 4 
ad 1 eu _— 9. 
n*+2 ad 


Cyanamide. 
M.W. =42 ; D,=1:07288; t=48°; D® =1-08288. 
ni—H, 143937 ; Nap 1°44180 ; H, 1°44788 ; 
Vi, = 10:30; M,= 10°35; M,-M_=018 ; ry -— 7a = 0-004, 


Diethyleyanamide. 


M.W.=98 ; Di =0°8459; ¢=48°; D?=0-8540. 
ni =H, 1-41044; Na, 1-41261 ; H, 1-41836 ; 
M, = 28-72; M, = 28-K6 ; M, —-M, = 0°50 ; ry -7ra=0-05. 


Dipropyleyanamide.* 


MW. = 198 Di, = 08572 ; =2494 ; D? =0-8616. 
=H, 142724; Na, 1°42979; H, 1-44006 ; 
m.=37-77 My = 37-95; M,-M, = 097 ; ry-ra=0-008. 


Diisoamylcyanamide. 


M.W.=182; D,=0°8461 ; ¢=23°7 ; D? =0°8498. 
ni, =H, 1-43691 ; Na, 143915 ; H, 1-44938 ; 
M, = 56-34; M, = 56-59; ML =M, = 1:39; ry—ra=0-008. 


Carbodipropylamide. 


M.W. = 126 ; Di =0-8381 ; t=23°; D® =0°8411. 
nt =H, 1:44253 ; Na, 1°44541; H, 1-45830 ; 
M* = 39-82; My= 40-04 ; M,- M, = 1-22; ry-ra=001. 


* I quote here the results obtained by Briihi (Joc. cét.). 


COLSON : THE CONSTITUTION OF CYANAMIDE. ’ 557 


Ezamination of Results. 


The spectrochemistry of nitrogen is contained chiefly in the 
numerous and important papers of Briihl on this subject, of which 
the last two parts, VIII. and IX., published after his death, ended 
the series (Briihl, Zettsch. physikal. Chem., 1895, 16, 193, 226, 497, 
512; 1897, 22, 373; 1898, 25, 577; 26, 48; 1912, 79, 1, 481). 

A partial summary of this work is found in Landolt-Bérnstein’s 
“Tabellen ” (1905). These data do not include a value for imido- 
nitrogen. 

In spite of the very great value and the incontestable advantage 
of covering all the ground, Briihl’s results show that he did not 
succeed in finding a general relation between the numerous “ equiva- 
lents” of nitrogen, so that their use, particularly in the study of 
new cases, is very complicated (Eisenlohr, ‘‘ Spectrochemie Organ- 
isher Verbindungen,” 1912, 61—62). 

Briihl also, at different times, speaks of a negative exaltation 
or a depression peculiar to the alkyleyanamides with regard to the 
atomic refractivity of nitrogen in the group *CiN. 

In order to avoid the possibly insurmountable difficulties which 
might be met with in the calculation of the values of Di, and Mp, 
for the purpose of comparison with figures obtained by experiment 
I have limited myself in dealing with the specimens examined to 
the calculation of the values of the groups NiC-N and N:C:N. This 
seems adequate for the purpose in view, namely, to study the struc- 
ture of cyanamide from a statical point of view or, in other words, 
from the point of view of the presence of one of the above-men- 
tioned groups in its structural formula. I have therefore sub- 
tracted from the values MY, and Wp found for cyanamide and 
diethyleyanamide, respectively in these experiments and from those 
given by Briihl for dipropyleyanamide, ditsoamylcyanamide, and 
carbodipropylimide, the values of the refractivity of 2H or of the 
respective alkyl groups in order to obtain the refractivities of the 
groups concerned and to be able to compare their values. 

For these calculations I have used Eisenlohr’s atomic refractions 
(loc. cit., p. 48) which are recent (1910), but I have also added the 
results obtained by using values taken from Briihl—Conrady. 
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Eisenlohr’s Refractive Equivalents. 


Element. H,. Na». 
Cc 2-413 2-418 
H 1-092 1-100 


Cyanamide. 
2-184 (2H) = Value of CN, 
10-35 2-200 (2H) = ” % 
Diethyleyanamide. 
28-72 20-572 (C,H,,) = Valueof NiC’N~ - 8-148 
28-86 20-672 (C,H,)) = ” ” 8-188 


Dipropyleyanamide. ane 


37-77 .....2 29-766 (C,H,,) = Value of NiC‘N 8-004] Te =8-113 

37-95 29-908 (C,H,,) = ie va = 8-042] %=8148 
Diisooamylcyanamide. 

56-34 48-154 (C,,H,.) = Value of N:C’N 8-186 

56-59 48-38 (C,,H») = - o 8-210 
Carbodipropylimide. 

39-82 29-766 (C,H,,) = Valueof N:C:N = 


0-054 


1 
40-04 29-908 (CsHy,) = ” ” = 10-132 


Briihl-Conrady’s Refractive Equivalents. 
Element. H,. Nap. 


C 2-365 2-501 
H 1-103 1-051 


Cyanamide. 
2-206 (2H) = Value of CN, 
2-102 (2H) = ” ” 
Diethyleyanamide. 
20-46 (C,H,,) = Value of N:C’N 8-26( 
20-514 (C,H,,) = - - : 8-346 _— 


. , values 
Dipropyleyanamide. fa. = 8-229 


29-632 (C,H,,) = Value of NiC'N_ - 8-138 | D=8-320 
29-72 (C,H,,4) = Ty ” 8-230 
Diisoamylcyanamide. 


47-916 (C,,H..) = Value of N:C’N 8-424 
48-132 (C,,H,.) = om se 8-458 ) 


Carbodipropylimide. 


M, 39-82 29-632 (C,H,,) = Value of N:C:N 10-188 
M, 40-04...... 29°72 (ChH,,) = ‘ > 10-320 


From an examination of these two tables it is seen that the 
values obtained for the group CN, in cyanamide and its three alkyl 
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derivatives agree very well with the calculations made from Eisen- 
lohr’s atomic refractivities. A slight variation is to be seen in 
the case of dipropyleyanamide, but this may be due to experi- 
mental error. 

The differences are slightly more evident when using the atomic 
values of Briihl-Conrady, but nevertheless have no real bearing 
on the conclusion drawn, namely, that the group CN, in cyanamide 
has a refractometric value which places it clearly in the same 
group as its alkyl di-derivatives. 

In addition, it is seen that whatever atomic values are chosen 
for the calculation, the values of the group N:C°:N in carbodipropyl- 
imide are distinctly different from those of the CN, group in cyan- 
amide. 

From the point of view of the refractometric methods the con- 
stitution of cyanamide is just the same as that of its dialkyl deriv- 
atives. The structure of the mono-derivatives must also be the 
same. Since the structure of the di-derivatives corresponds well 
with the formula NiC-NR,, that of cyanamide must be NiC-NH,. 


The Atomic Refractivity of Nitrogen in the Cyanamides. 


Briihl, in his series of papers, frequently discusses the case of the 
cyanamides. He says that in these the atomic refractivity for 
nitrogen in the group *C:N shows a negative exaltation or a depres- 
sion as compared with its value in the same group in the nitriles. 

It was not without interest to know how he arrived at this value 
for nitrogen in the cyanamides. He states (Zeitsch. physikal. 
Chem., 1895, 16, 517) that “in the dialkyleyanamides, NR,*C:N, 
the relations are quite different. 

“For the calculation of the value of nitregen in the nitrile group 
it was assumed that the value of nitrogen in the tertiary aliphatic 
amines could be applied to the same amide-forming nitrogen atom 
in cyanamides (compare Part III.). 

“Tt happens that the refractive value for nitrogen in the nitrile 
group is very close to that of the same element in the alkylnitrile, 
‘CH,°CN ; the dispersivity is not only lower than the already low 
value in the nitriles, but tends even towards zero. 

“Tt is not surprising that the nitrogen of the nitrile group in 
cyanamides does not give quite the same spectrometric relation as 
that in the alkyl cyanides, since the arrangement of the cyanogen 
group is different. It is very surprising indeed that both linkings 
of the nitrile and amide groups act so effectively in lowering the 
dispersivity, whilst the contrary is the case in the linking of the 
alkyl with the nitrile group.” 

Perhaps Briihl’s deductions and reasoning would have been 
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different if he had had the new data given by my observations: 
this is even probable, for we now have the advantage of Possessing 
the spectrometric constants of cyanamide itself. It is remarkable 
that in this product and in the derivatives mentioned above the 
concordance of the values found for the group NiC-N should be 
so perfect. 

These facts seem to show that it is inadmissible to use the value 
for the refractivity of the nitrogen atom in the tertiary amines for 
the amidic nitrogen atom in cyanamides in order to obtain the 
atomic refractivity of this element in the *Ci:N group of these 
compounds. There is, however, another possible starting point for 
the calculation. There does not seem to be any objection to 
employing the atomic refraction of nitrogen in the CiN group of 
the nitriles in order to calculate the constant of the amidic nitrogen 
in the cyanamides. 

There is reason to believe that nitrogen in the latter as well as 
in the group C!N may have special characteristics. 

The calculations must be made using Eisenlohr’s value for nitro- 
gen in the group C:N, since the refractivities given by Briihl for 
this element show an anomaly for the D ray, which he attributes to 
a special property of nitriles, but which Eisenlohr (loc. cit., p. 57) 
rejects as incorrectly derived from the constants of Briihl-Con- 
rady: 

D 8-150 
— 5536 


2°614 


Naturally, we find here that the depression is the inverse of that 
of Briihl; the nitrogen values in tertiary amines are, according 
to Eisenlohr: 

H,. Nap. 
2-808 2-840 


It is perhaps not without interest to show that the values found 
above are very much the same as the average atomic refractivities 
of nitrogen in formamide and dimethylformamide, namely, 

H,. Nay. 
2665 2-643 

In the structure of these two products we have an example of a 
kind of “conjugation” between double bonds of the carbony! 
group and the two secondary valencies of the unsaturated nitrogen 
(Eisenlohr, Ber., 1907, 40, 1161): 

O:C-NR, 
! 
H 
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In such a system there is produced an exaltation which is not, 
however, sc marked as in an ordinary conjugated system : 
C:C-C:C or even C:C-C20. 
Again, the ‘‘disturbances”’ may diminish the exaltation and 
change it into a depression. 
These considerations would be very likely applicable to the case 
of eyanamides (Ber., 1907, 40, 1156): 


NiC-NR, 


The influence of this kind of system on the phenomenon of dis- 
persivity is not very marked. 

If we examine the list of spectrometric constants which have 
been collected in the first table, we see that the specific dispersivi- 
ties are very low in all the cyanamides: ry—ra=0°004 in cyan- 
amide becomes in the aliphatic di-derivatives successively 0°005, 
0008, 0°008. 

We find also equally weak specific dispersivities in dimethy]l- 
formamide and dimethylacetamide, namely, 0°009 and 0°008 
(Briihl, Zeitsch. physikal. Chem., 1897, 22, 389). 

Finally, the specific dispersivity for carbodipropylimide, 0°01, 
may be mentioned. 

On the whole, then, the different values mentioned for the dis- 


persivity do not appear to be of much use in discussing the question 
of the structure of cyanamide. 


Summary. 


1. From the above work it appears justifiable to conclude that 
the correct constitution of cyanamide is Ni?C-NH,. 

2. Data are given which are useful in the investigation of the 
atomic refraction of nitrogen in the cyanamide group. 


In conclusion, I should like to express my warmest thanks to 
Professor Pope for the generous hospitality and means of work he 
has given me in his laboratory. 


CHEMICAL LABORATORY, 
UNIVERSITY OF CAMBRIDGE. [Received, May 15th, 1917.] 
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LII.—Separation of Secondary Arylamines from 
Primary Amines. 


By Joun THomMAs. 


SEconDARY arylamines are usually prepared by the interaction of 
a primary amine and an alcohol in the presence of a condensing 
agent, 

NH,R+ R/OH=NHRR’ + H,0. 

The reaction, however, never follows the simple course indicated 
by the above equation, and the product is always contaminated 
by some unchanged primary amine and also tertiary amine, 
The boiling points of these amines are in several cases very close 
to one another, and the separation of the secondary amine in a 
fair degree of purity is almost impossible by distillation in the 
laboratory. 

The secondary amine can be transformed by nitrous acid into 
the neutral nitrosoamine, and this neutral product isolated and 
then reduced back to the amine, but this procedure is both tedious 
and expensive. Oxalic ester has been used for the separation of 
the different methylamines, but this method apparently involves 
the use of a large amount of the ester, which must be destroyed 
when the base is liberated by hydrolysis. The method was not 
therefore tried, and use was made of the nitroso-compound in pre 
paring ethyl-o-toluidine in the laboratory. 

However, in an attempted preparation of ethyl-o-tolyloxamic 
ester by heating together ethyl-o-toluidine and oxalic ester, it was 
discovered that practically no combination had taken place 
between the two substances. No alcohol was recovered from the 
mixture, and almost all the base was recovered unchanged. 
o-Toluidine, however, reacts fairly readily with oxalic ester at the 
boiling point, giving a mixture of o-tolyloxamic ester and di 
tolyloxamide, the proportion of each formed depending on the 
duration of heating. The author prepared several pounds of 
o-tolyloxamic ester by this method. The ease with which it is pre 
pared and the yields obtained, together with the fact that ethyl 
toluidine did not react with oxalic ester, suggested the possibility 
of using this reaction to separate ethyltoluidine from toluidine, 
the idea being to heat the mixed bases with sufficient oxalic ester 
to combine with the primary amine. The ethyltoluidine could 
then be easily distilled from the o-tolyloxamic ester. 

A few preliminary experiments were carried out with ethyl 
toluidine containing 24 per cent. of primary amine. Two hundred 
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grams of the mixed bases after being heated with 20 grams of 
eter gave a product containing 19 per cent. of primary amine; 
this on further treatment with 20 grams of ester gave a base con- 
taining 8 per cent. of primary amine. These results, although 
not very promising, were of sufficient interest to warrant further 
investigation. 

The base used in the following experiments contained 13 per 
cent. of primary amine, and was the product obtained by heating 
toluidine, absolute alcohol, and sulphuric acid in an autoclave. 
The crude base was once distilled so as to get rid of impurities of 
high boiling point. 

The oxalic ester used was of fair purity. 

The various factors that could affect the fixation of the primary 
hase were investigated. 


Purification of Ethyl-o-toluidine. Effect of Duration of Heating. 


In the first experiments, 100 grams of the base were heated 
with 30 grams of oxalic ester. The mixtures were boiled for a 
definite time under a reflux condenser and the contents then dis- 
tilled; the amount distilling below 100° was generally a fair 
indication of the extent to which the primary base had reacted ; 
each molecule of toluidine that reacts liberates a molecule of 
ethyl alcohol, 


(,H,Me-NH, + CO,Et-CO,Et = C,H,Me-NH-CO-CO,Et + EtOH, 
or ditolyloxamide might be produced, its formation being indicated 
by the separation of a precipitate in the reaction mixture on 
cooling : 
2C;H,Me-NH, + CO,Et:CO,Et = 
C,H,Me-NH-CO-CO-NH:C,H,Me + 2EtOH. 


The fraction distilling up to 200° was collected separately and con- 
sisted mainly of unchanged oxalic ester; that distilling at 
200—230° was mainly ethyltoluidine, although it usually contained 
about 3—4 per cent. of oxalic ester. The residue, boiling above 
230°, can be distilled in a vacuum and the o-tolyloxamic ester 
obtained in a fair state of purity. The results are shown in tables 
I, II, and III. 
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TABLE I. 


Effect of Treatment with 30 per cent. of Oxalic Ester for 
different Times. 


Percentage 
yield 
Percentage on ethyl- 

Duration of primary toluidine Residue 
Experiment. of amine in originally above 230°, 

heating. product. present. Grams, 
hour. 5-3 16-0 
hours. 3 17-0 
17-0 
26-0 
18-5 


TABLE IT. 


Effect of Treatment with 20 per cent. of Oxalic Ester for 
different Times. 


Percentage 
yield on 
Percentage ethyl- 
Duration of primary toluidine Residue 
Experiment. of amine in originally above 230°. 

No. heating product. present. Grams. 

2 hours. 7-0 Not weighed. 9-5 

+ 9” 4-6 862 14-0 

6 ve 4-0 83 21-0 


Taste III. 


Effect of Treatment with 40 per cent. of Oxalice Ester for 
different Times. 


Percentage 
yield on 
Percentage ethyl- ; 
Duration of primary toluidine Residue 
Experiment. of amine in originally above 230°. 

No. heating. product. present. 

1 hour. 4-0 

2 hours. 3: 

3 

4 

6 


An examination of the fraction passing over at 180—200° showed 
it to consist mainly of oxalic ester, but there was present usually 
from 20 to 25 per cent. of base in this. This explains why the 
yields given in column 3 are so poor; in a continuous process the 
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oxalic ester fraction would be used over and over again, so that 
the yield of recovered base free from primary amine would be con- 
siderably higher. The results obtained in tables I—III are shown 
graphically in Fig. 1. The curves show that most of the reaction 
between the primary amine and oxalic ester is over in about four 
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to six hours, and prolonging the heating beyond this point would 
be useless. 


Effect of Varying the Proportion of Ozxalic Ester. 


One hundred grams of once distilled ethyl-o-toluidine containing 
13 per cent of primary amine were heated for six hours with 
diferent quantities of oxalic ester. The results are given in 
table IV. 


VOL. OXI. 
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TaBLe IV. 


Effect of Treating Ethyl-o-toluidine with different Quantities of 
Oxalic Ester for Six Hours. 


Percentage 
of yield 
Percentage Percentage on ethyl- Residue 

of oxalic of primary _ toluidine above 

Experiment. ester amine on originally 230°. 
No. . product. present. Grams. Remarks. 

14 4-0 83 21-0 
15 3-0 96 . (5 hours’ 
heating). 
16 8 77 
17 “8 81 
18 “8 74 
19 “8 55 


The poverty of the yield in the latter experiments was due to 
the oxalic ester carrying over a fair proportion of the base below 
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with 100 per cent. of oxalic ester showed that this fraction com 

tained about 40 grams of base, which contained less than 1 per 

cent. of primary amine calculated on the base present. 

The results are shown graphically in Fig. 2. 
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These results indicated that no further reduction in the amount 
of primary base present was obtained by using above 50 per cent. 
of oxalic ester, that is, for a product containing 13 per cent. of 


primary amine. 


Effect of a Second Treatment with Ovxalic Ester. 


Experiment 20.—An experiment was next carried out in which 
a quantity of base containing 3 per cent. of primary amine from 
the previous experiments was treated for three hours with 30 per 
cent. of oxalic ester; this gave a product containing 0°4 per cent. 
of primary amine, and the yield was 85 per cent. on the ethyl-o- 
toluidine originally present. The residue weighed 12 grams per 
100 grams of base used, showing either that some ethyltoluidine had 
reacted or that all the base did not distil over below 230°. The 
experiments showed, however, that if distilled ethyl-o-toluidine 
containing about 13 per cent. of primary amine was treated twice 
with 30 per cent. of its weight of oxalic ester, a product containing 
less than 1 per cent. of primary amine was obtained. 


Experiment with Crude Ethyl-o-toluidine. 


Experiment 21—A crude material straight from the autoclave 
was next tried; this contained 12 per cent. of primary amine and 
was also contaminated with about 10—15 per cent. of an impurity 
of high boiling point. Two hundred grams were treated with 
50 per cent. of its weight of oxalic ester and heated for six hours 
on a sand-bath; the weight of the ethyltoluidine fraction above 
200° was 165 grams, and the yield was about 91 per cent. of the 
secondary base originally present. It contained 2°1 per cent. of 
primary amine. No account was taken of the oxalic ester in this 
fraction, as this would probably be balanced by the amine present 
in the fraction below 200°. This result showed that crude material 
from the autoclave could be used for purification without being 
distilled. 

Yield——The following experiment was carried out in order to 
determine the yields. 

Experiment 22.—A mixture of 1740 grams of impure ethyl-o- 
tolaidine containing 3 per cent. of primary amine and 500 grams 
of oxalic ester was heated on a sand-bath for three hours, the 
different fractions being redistilled and separated as much as 
possible. The products were as follows: 


Crude alcohol 

Impure oxalic ester (178—190°) 
Intermediate fraction (190—200°) 
Purified ethyl-o-toluidine (200—220°) 
0-Tolyloxamic ester 

Di-o-tolyloxamide 
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The intermediate fraction contained 18 per cent. of oxalic ester 
and therefore consisted of 32 grams of base and 8 grams of ester; 
this base contained 0°4 per cent. of primary amine. The purified 
ethyltoluidine contained 5 per cent. of oxalic ester and 0°75 per 
cent. of primary amine. Thus 1500 grams of secondary amine were 
recovered, the yield being 90 per cent. of the theoretical calcy- 
lated on the secondary base originally present. In this calculation 
“secondary base” means all other bases other than primary 
originally present. 

Experiment 23.—The above experiment was repeated with ethyl- 
o-toluidine prepared with hydrochloric acid as condensing agent, 
The material was once distilled and contained on an average about 
4°4 per cent. of primary amine. 

The impure base (2830 grams) and oxalic ester (1160 grams) 
were heated together in a large copper flask for four to five hours 
and the product was distilled. The various fractions were once 
distilled and the following were the quantities obtained : 


Impure alcohol up to 110° 

Fraction 110—178° 

Impure oxalic ester (178—190°) 

Intermediate fraction (190—205°) 

Ethyl-o-toluidine (205—215°) 

Impure o-tolyloxamic ester (180—230°/100 mm.) ............... 
Impure di-o-tolyloxamide 


The intermediate fraction (190—205°) contained 40 per cent. of 
oxalic ester and 0°6 per cent. of primary amine. The ethyl-o-tolu- 
idine contained 3°6 per cent. of oxalic ester and 0°8 per cent. of 
primary amine; making allowances for these figures, the net yield 
of ethyl-o-toluidine is 2311 grams, and this contains 0°86 per cent. 
of primary amine. The original product contained 125 grams of 
primary amine, and if all else is assumed to be secondary the yield 
in this experiment is 85 per cent. on the base originally present 
and the oxalic ester used up is about 9 per cent. of the weight of 
base employed. 

The small amount of oxalic ester present in the ethyl-o-toluidine 
fraction is easily removed by boiling for a short time with water 
containing enough sodium carbonate to neutralise the oxalic acid _ 
formed. 

The method is therefore quite satisfactory for freeing ethyl 
toluidine from toluidine on a laboratory scale. 


Experiments with Oxalic Acid and Alcohol. 


Oxalic ester is formed quite readily from ethyl alcohol and 
oxalic acid in the absence of any condensing agent, such as hydro- 
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chloric acid, and it was therefore considered advisable to see if a 
mixture of alcohol and oxalic acid could be used instead of oxalic 
ester for fixing the primary base. 

Experiment 24.—One hundred grams of ethyl-o-toluidine con- 
taining 13 per cent. of primary amine was heated with 62°5 grams 
of oxalic acid and 70 c.c. of absolute alcohol, the oxalic acid being 
equivalent to approximately 100 grams of oxalic ester. The whole 
was distilled after heating for about four hours on a sand-bath. 
The weight of residue boiling above 230° was high, namely, about 
54 grams, and this was probably a mixture of toluidine oxalate, 
ethyl toluidine oxalate, and tolyloxamic ester. About 50 grams 
of secondary base containing 2°6 per cent. of primary amine were 
obtained ; this result showed that this method was not so good as 
the treatment with oxalic ester. 

Experiment 25.—Another experiment was carried out with simi- 
lar quantities to the above, but the alcohol and oxalic acid were 
boiled together for an hour before the base was added. The 
residue boiling above 230° was distinctly less, namely, 38 grams, 
and the yield of secondary base was a little larger. The product 
contained 2°5 per cent. of primary amine, but the result is again 
inferior to that obtained with oxalic ester. 

Experiment 26.—In this experiment the proportion of alcohol 
to oxalic acid was increased to two to one, and only the equivalent 
of 60 per cent. of ester was used, namely, 37°5 grams of anhydrous 
oxalic acid. The base was added after the oxalic acid had been 
dissolved in the alcohol and the mixture was boiled for six hours. 
The residue of high boiling point was 35 grams, but the yield of 
the secondary base was poor, as also was its quality, since it con- 
tained 5 per cent. of primary amine. 

Experiment 27.—The above experiment was repeated with the 
difference that the alcohol and acid were boiled together for one 
hour before the base was added. The residue of high boiling point 
was very distinctly less, weighing only 24 grams. The total base 
recovered was 72 grams, which had a primary amine content of 
4 per cent. 

Experiment 28.—Treatment of the secondary base containing 
3 per cent. of primary amine with oxalic acid and alcohol in the 
same way as the last experiment gave a product containing 1°6 per 
cent. of primary amine, and the yield was only 60 per cent., calcu- 
lated on the bases other than primary originally present. 

It is therefore much better, from the point of view both of 
quality and quantity of the product, to treat the impure base with 
oxalic ester rather than with a mixture of oxalic acid and alcohol. 
It is possible that the presence of water brought about by the 
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formation of the ester in the latter case has an adverse effect on 
the rate of formation of o-tolyloxamic ester. 


Purification of Ethylaniline. 


The difference between the boiling points of ethylaniline and 
aniline is 23°, as compared with 14° for ethyl-o-toluidine and 
o-toluidine; there is obviously a much better chance, therefore, of 
effecting a separation in the laboratory by distillation in the 
former case than in the latter. This was borne out by the results 
obtained during the distillation of a crude product from the auto- 
clave. The fraction boiling at 190—200° contained 14 per cent. 
of primary amine, whilst that boiling at 200—208° contained 
3°8 per cent. 

Therefore two or three distillations in the laboratory would 
provide material containing probably less than 1 per cent. of 
primary amine. 

It was interesting to see how oxalic ester would behave in this 
case, so the following experiments were carried out. 

Experiment 29.—A mixture of 750 grams of ethylaniline contain- 
ing 14 per cent. of primary amine and 250 grams of oxalic ester 
was boiled for five to six hours on a sand-bath ; on cooling, 10 grams 
of diphenyloxamide separated; the rest was distilled, and after 
correcting for oxalic ester present in the fractions, 600 grams of 
base containing 2°6 per cent. of primary amine were obtained ; the 
yield was therefore 93 per cent., calculated on bases other than 
primary that were originally present. 

Experiment 30.—Another experiment in which 1600 grams of 
ethylaniline containing 3°3 per cent. of primary amine were treated 
with 510 grams of oxalic ester gave 1500 grams of base containing 
0°34 per cent. of primary amine, which is a 97 per cent. yield on 
the bases other than primary originally present. 

Oxalic ester can therefore be used quite successfully for the 
separation of aniline from ethylaniline. 


Purification of Ethyl-p-toluidine. 


Experiment 31.—Crude material from an autoclave once distilled 
and containing 11°2 per cent. of primary amine was treated with 
30 per cent. of oxalic ester for six hours and the mixture distilled. 
The yield of bases recovered, calculated on those other than 
primary present, was 91 per cent., and the product contained 
2°5 per cent. of primary amine. One more treatment would 
evidently reduce this figure to less than 1 per cent., so that the 
oxalic ester method is quite satisfactory for the separation of 
p-toluidine from ethyl-ptoluidine. 
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Purification of Monomethylaniline. 


In the cases above considered there is about 30° difference 
between the boiling point of oxalic ester and that of the secondary 
base which it is desired to isolate, arid separation is fairly com- 
plete in one distillation in the laboratory; oxalic ester is also 
so easily hydrolysed that the removal of small quantities of it 
from the main fraction is readily carried out by boiling with alkali 
or even on keeping in the cold with occasional stirring. In the 
case, however, of a substance like monomethylaniline, the primary 
amine would be fixed readily enough by oxalic ester, but the main 
fraction would contain all the excess of oxalic ester used, as the 
boiling points of the oxalic ester and of the monomethylaniline 
are so close together. The destruction of the oxalic ester in this 
case by hydrolysis would be very wasteful and expensive. It 
would be advisable, therefore, to use another ester of oxalic acid 
with a higher boiling point, such as butyl oxalate. 

Experiment 32.—A mixture of 10 grams of aniline, 100 grams 
of monometkylaniline, and 40 grams of butyl oxalate was boiled 
for six hours. On cooling the mixture some diphenyloxamide 
separated and was filtered off. The yield of monomethylaniline 
(b. p. 190—200°, but mainly 194°) was 78 grams, containing 
18 per cent. of primary amine. Butyl oxalate can therefore be 
substituted for ethyl oxalate should the boiling point of the 
secondary amine which it is desired to purify be too near that of 
the latter ester. 

It also follows that this method is applicable for removing primary 
amines from tertiary bases. 


Summary. 


Experiments have been carried out on the separation of primary 
arylamines from secondary arylamines by means of oxalic ester. 
The impure secondary base was heated with oxalic ester and the 
product then distilled. After the alcohol produced in the reaction 
had been removed, the secondary base distilled over, most of the 
primary amine having reacted to form a substituted oxamic ester 
of high boiling point. 

The effect of duration of heating and proportion of oxalic ester 
was investigated and is shown graphically. 

The yields of base and the consumption of oxalic ester were 
estimated. 

The possibility of substituting butyl oxalate for ethyl oxalate 
was tried and found to be practicable. 

The use of mixtures of oxalic acid and alcohol instead of oxalic 
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ester was also examined, but this variation gave less satisfactory 
results. 


In conclusion, the author wishes to express his thanks to Nobel's 
Explosives Company, Ltd., and to Mr. Wm. Rintoul, manager of 
the Research Section, for the facilities offered for carrying out this 
work and permission to publish the results. 

[Received, May 22nd, 1917.] 
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Or the distinguished Germans I have known well, Hugo Miiller was 
one of the most attractive and interesting—on account of his many 
gifts and his kindly, sympathetic nature, guarded though this was 
by a peculiarly cautious reticence. In the true sense of the term, 
he was a born naturalist—most happy when musing over minerals 
or among plants, especially when among the latter on Swiss or 
Tyrolean mountain side or in his garden; very happy also, parti- 
cularly in the last dozen years of his life, when in the chemical 
laboratory, seeking to contribute to the solution of the problems 
which Nature ever held up before his eyes. 

A man self-contained and of a reflective disposition, eminently 
sparing and frugal in his habits after the manner of his race, 
simple and unworldly and above ordinary ambition, a hater of 
display, although in no way averse from the advantages and comforts 
accompanying wealth and always affable and fond of congenial, 
sympathetic society: he looked on at our world of strife, noting its 
ways, often with disapproval, yet lived a life apart, mainly intro- 
spective and rarely assertive, though it was in him to be obstinate 
if occasion arose ; finding joy chiefly in the conscientious prosecution 
of his work and in following the growth of knowledge, with utmost 
interest and appreciation, even unto his last days, though after 
his retirement from business he ceased to be the omnivorous reader 
he was in early days. 

When I first learnt to know him, at the beginning of the ’seven- 
ties, on my return from a German university, he at once attracted 
me and I was greatly encouraged by his kindness; there was no 
,, Englishman to compare with him for breadth and accuracy of 
* reading ; no one so sympathetic or with whom it was possible to 
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talk shop with so much satisfaction. Perhaps this was because, in 
those far-off days, among the frequenters of the Chemical Society, 
he was the one chemist in touch with practice and in touch also 
with the outdoor world, yet mindful, to an extraordinary degree, 
of the philosophy of our science. 

He had artistic gifts of no mean order; these were of great 
service to him while associated with Messrs. De la Rue and Co., 
particularly in connexion with the development of lithographic 
colour printing for stamps. It may be mentioned, too, that he 
was a particularly deliberate and good writer and that the gift of 
caligraphy appears to have been inherent in his family—to judge 
from letters written by his relatives. He had also extraordinarily 
deft fingers and was the acme of neatness in all his ways; this 
was particularly noticeable in his laboratory work. He had the 
faculty of dealing with small quantities of material, though a great 
believer in having plenty at hand, if possible; except Peter Griess, 
I have not known anyone with so great a power of extracting 
crystalline products from messes. 

‘Agnostic and truly scientific in habit of mind, cautious to the 
last degree and possessed of a highly developed sense of accu- 
racy, he neither speculated nor dreamt but his powers of observa- 
tion were very acute. Had he not been led, through the accident 
of environment, to devote himself to a technical career, it is prob- 
able that he would have followed the bent of his early inclinations ; 
had he done so he would have taken high academic rank. His 
breadth of outlook and practical gifts would undoubtedly have 
enabled him, in his own country, to secure a position complementary 
to that his brilliant fellow-countryman and friend Kekulé achieved 
through his contributions to the theoretical side of our science. 

A worthy pupil of his great master, Wéhler, Hugo Miiller was a 
true representative of the old school of German scientific worker, 
to which the world owes so much, a school which set a wonderful 
example of self-devotion, thoroughness, technical skill and patient 
industry. 

At the outbreak of war, although he had been resident here 
since 1854 and married an English wife and had long settled down 
as a country gentleman, his sympathies reverted to his native 
country. But he set a wonderful example and withdrew himself 
entirely from society, retiring to Camberley and his garden. When 
I called on him, in January, 1915, shortly after my return from 
the East, to tell him about Australia and Java and Ceylon and to 
discuss with him the wonders of their vegetation, I was his first 
visitor; afterwards he only saw one or two other old friends. 
We persuaded him with difficulty to return to the Davy-Faraday 


574 OBITUARY NOTICE. 


Laboratory but he only worked there during a brief period; for. 
tunately, he had completed his work on flavone and saw tie paper 
through the press shortly before his death. 

As proof of his nobility of character and high sense of duty | 
may be allowed to quote from the letter of February 7th, 1915, in 
which he communicated to the committee the reasons for his resig- 
nation from the treasurership of the Lawes Agricultural Trust, 
which he had held from the inception of the Trust in 1889: 

“In the letter announcing my retirement, I gave my age and 
consequent waning efficiency as the cause of my decision in this 
matter and as I deeméd this by itself quite a sufficient explana. 
tion, I did not expect that anything more than an expression of 
mutual regret would ensue. Letters, however, from some of the 
members and the signed request of the whole Committee make an 
earnest appeal to me not to give up my membership and in the 
embarrassment in which I thus find myself, I feel compelled to 
confess that my retirement is not wholly due to superannuation. 

“The unfortunate circumstances which have arisen through the 
war have most seriously affected every German resident in this 
country whether naturalised or not and I am afraid my colleagues 
have not attached sufficient weight to the fact that, under the 
present conditions, it is not desirable for a person in my position 
to be a member or to take any part in the affairs, of any public 
concern or enterprise. 

“This is of course a matter arising out of the prevalent public 
feeling and probably does not affect to any extent the Lawes Com- 
mittee; but still it has to be reckoned with, for the latter has to 
cultivate the good will of the public as well as that of the Govern- 
ment. You will see from this that, in my opinion, any desire on 
the part of the Committee to retain me, must ‘stand back,’ and I 
can only repeat my deep regret that my separation has become 
necessary just now.” 

We were all most anxious to retain him with us but could not 
persuade him to change his mind. 

Always a peacemaker, he was torn with distress by the outbreak 
of hostilities and never ceased from lamenting the war as a hope 
less downfall of our civilisation: he deplored the fact that he had 
lived to see it; his end was greatly hastened, if not determined, by 
dwelling on its awful consequences. 


Heinrich Wilhelm Hugo Miiller was born at Tirschenreuth, 
Bavaria, on July 29th, 1833. His father was the owner of a spil- 
ning mill. During his school days, at Niirnberg, he paid special 
attention to chemistry but the Fichtelgebirge near his home and, 


OBITUARY NOTICE. 575 


after his father’s removal to Weiden in the Oberfalz, the Bayerische 
Wald, also afforded him special opportunities for the field study of 
mineralogy and geology; it is clear that he made good use of 
these, as he then laid the foundation of his collection of minerals, 
to which he gave particular attention during the earlier years of his 
residence here, when he was one of a select set, mostly members 
of the B Club of which so interesting an account was given to the 
Society by Dr. A. Scott in his Presidential Address last year. 
Among these were Phipson Beale, David Forbes and Frederick 
Field, the brother-in-law of the late Sir Frederick Abel; Field had 
brought home many very beautiful rare silver and copper minerals 
from South America. Since his death the collection has been 
presented by his widow and daughter to the mineralogical depart- 
ment of the Oxford Museum. In so far as the crystallographic 
studies carried on in my laboratory have been of value, the 
opportunity of doing such work was secured largely through 
Miiller’s aid; as President of the Society in 1885-1886 he was 
ex oficio a member of the Executive Committee of the City and 
Guilds of London Institute for the Advancement of Technical 
Education, at the time of the opening of the Central Technical 
College; it was mainly through the support he gave me that I 
was able to include crystallography as a necessary regular element 
in the full course of instruction in my department. 

At the age of seventeen, in 1850, Miiller entered the University 
of Leipzig. He studied chemistry under Erdmann, physics under 
Hankel and mineralogy and geology under Naumann. In the late 
‘sixties I heard the two latter and Erdmann’s laboratory was 
still in existence—so I know exactly the conditions under which 
he was placed: they were the best of their time. Apparently, his 
first intention was to devote himself to geology but he soon became 
attracted to chemistry. 

In 1852, Wéhler’s magnetic influence drew him to Gottingen. In 
mentality, teacher and pupil probably had much in common: it is 
clear that Miiller was born with chemist’s fingers. He also attended 
lectures by Weber, Sartorius von Waltershausen and Hausmann. 
He took his degree (Dr.Phil.) there early in 1853. 

In the spring of 1853, on Wéhler’s special recommendation, he 
went to Munich, under an engagement to become Liebig’s assistant.* 
The Munich laboratory was then in course of construction. The 
engagement being only a provisional one, in the spring of 1854 he 
accepted an invitation, conveyed through Hofmann, to come to 
London as private assistant to Warren De la Rue, to aid him in the 
investigation of Burmese naphtha (Rangoon tar). Warren De la 


* Of. Liebig und Wéhler, Briefwechsel, 1829—1873, vol. ii., p. 2. 
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Rue’s laboratory was located in the factory of his firm, that of 
Thos. De la Rue and Co., Bunhill Row, London, E., the chief busi. 
ness of which was the manufacture of bank notes, playing cards and 
postage stamps. Warren De la Rue had been trained as a chemist 
and had worked under Hofmann but he was also devoted to astro. 
nomy end became celebrated on account of his lunar photographs; 
in fact, he was the first to make photography popular for astro- 
nomical purposes. He was assisted in this work by Miller, who, 
strangely enough, never became a photographer—perhaps he was 
too much the artist. 

Association with such a personality as Warren De la Rue must 
have contributed greatly to the development of Miiller’s character, 
A man of extraordinary charm of appearance and suavity of 
manner, gifted with tact, a courtier and diplomatist of the highest 
order, full also of scientific enthusiasm, the unformed, simple young 
German—for such he was, it is said, when he came here—could not 
fail to be markedly influenced by daily contact with so alluring 
and stimulating a presence, the more as he was also brought 
through De la Rue into the Hofmann circle, where he came into 
touch with men such as Peter Griess and Martius. 

At this time also he was in close touch with Kekulé, and that 
their conversations were not without effect is clear from the follow- 
ing classical reference left on record by Kekulé: 

“Wahrend meines Aufenthaltes in London wohnte ich langere 
Zeit in Clapham road in der Nihe des Common. Die Abende aber 
verbrachte ich vielfach bei meinem Freund Hugo Miller in Isling- 
ton, dem entgegengesetzten Ende der Riesenstadt. Wir sprachen 
da von mancherlei, am meisten aber von unserer lieben Chemie. 
An einem schénen Sommertage fuhr ich wieder einmal mit dem 
letzten Omnibus durch die zu dieser Zeit éden Strassen der sonst 
so belebten Weltstadt; “outside,” auf dem Dach des Omnibus, 
wie immer. Ich versank in tréumereien. Da _ gaukelten vor 
meinem Augen die Atome. Ich hatte sie immer in Bewegung 
gesehen, jene kleine Wesen aber es war mir nie gelungen, die Art 
ihrer Bewegung zu erlauschen. Heute sah ich, wie vielfach zwei 
kleinere sich zu Parschen zusammenfiigten ; wie gréssere zwei kleine 
umfassten, noch gréssere drei und selbst vier der kleinen festhielten, 
und wie sich Alles in wirbelndem Reigen drehte. Ich sah, wie 
grossere eine Reihe bildeten und nur an der Enden der Kette 
noch kleinere mitschleppten. Ich sah, was Altmeister Kopp, mein 
hochverehrter Lehrer und Freund, in seiner ‘ Molecularwelt’ uns 
in so reizender Weise schildert ; aber ich sah es lange vor ihm. Der 
Ruf des Conducteurs: “Clapham Road ” erweckte mich aus meinen 
Traiumereien, aber ich yerbrachte einen Theil der Nacht, um 
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wenigstens Skizzen jener Traumgebilde zu Papier zu bringen. So 
entstand die Structurtheorie.” (Ber., 1890, 28, 1306.) 

De la Rue was both man of the world and a scientific amateur of 
the highest type and it is testimony to the worthlessness of our 
public school system that such men have been so rarely produced 
during the past fifty years; the materia! from which they are made 
cannot have been exhausted. In early years, from 1870 onwards, 
when I was associated with the London Institution, De la Rue was 
the guiding influence and the active promoter of an interest in 
science among his fellow-managers. He was assisted by Alfred Smee, 
of Smee battery fame, one of the early workers on the electro-deposi- 
tion of metals, who as physician to the Bank of England lived close 
at hand in the Circus—a noteworthy character also as a lecturer, 
in a sometimes raucous, sometimes falsetto voice, on “ My Garden ” ; 
the gardening cult was just then coming into fashion. There was 
no one to follow De la Rue, so after his death science had no sup- 
porter and the Institution itself gradually lapsed into decadence. 
In its new guise, as a home of Oriental studies, the best of work 
may be done in it but it will have no local influence on the City, in 
promoting the spread of a knowledge and love of science and 
literature—an influence more necessary perhaps there than 
anywhere else in our country at the present day. 

Grove’s celebrated lectures on the correlation of the physical 
forces were originally delivered in the theatre of the London Insti- 
tution. The inventor of the “‘ Grove cell,” he there made the funda- 
mental discovery that water could be dissociated by platinum 
heated in the oxy-hydrogen flame and did his work on the hydro- 
gen-oxygen gas battery in the rude laboratory behind the theatre, 
which was afterwards occupied by Wanklyn and then by myself. 
That no such quiet nook is now to be found in the City is very 
lamentable. 

Being on the spot in Bunhill Row, Miiller was often appealed 
to by the factory, with reciprocal advantage to both parties; he was 
eventually absorbed by it and threw himself into its work with 
utmost zeal, so satisfactorily that, after a time, he was made a 
partner; when the firm was converted into a limited company he 
became a director, retaining this office until his retirement in 1902. 
le may be regarded as having been the prototype of the modern 
industrial chemist. He was eminently successful, and he ultimately 
became a very wealthy man; indeed, his means were far greater 
than that of any of the distinguished scientific men of his period 
who entered into association with industry. 

One of his first tasks was to study the electrotyping process which 
until then had been littlé used; after a considerable amount of 
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experimental work he was able to make it technically trustworthy 
and an important branch of the firm’s activities. Gradually, his 
attention became more and more absorbed in the practical applica- 
tions of chemistry, especially in the preparation of the colours and 
varnishes required in lithographic and colour printing in general, 
even including the study of paper-making, in which he became an 
expert. There was no branch of the firm’s practical work, in fact, 
with which he was not fully conversant and to which he did not 
contribute improvements. 

Consequently, his time and attention were fully occupied and 
he was unable to carry on research work on his own account. 
Nevertheless, he remained an ardent student of his subject: having 
an encyclopedic mind, he was a systematic and critical reader of 
scientific journals covering a wide range of subject; he was also a 
regular attendant at all our scientific meetings. He therefore 
quietly took a leading part in the affairs of the Chemical Society 
and was always one of its most trusted advisers. He joined the 
Society in 1859; he held office as Foreign Secretary from 1869 to 
1885; and he was President during the years 1885 and 1886. To 
mark his connexion with the Society and also with the Lawes 
Agricultural Trust, since his decease his widow and daughter have 
made handsome gifts to the two bodies. 

He was President of the Mineralogical and Crystallographical 
Society of Great Britain during the period November, 1901, to 
November, 1904. 

He was elected a Fellow of the Royal Society in 1866. 

Somewhat to the surprise of his friends, who had perhaps thought 
of him as too shy and too much the student ever to take on domestic 
responsibilities, in 1878 he married an Englishwoman, Miss Eliza- 
beth Rusel Crosby, a friend of the De la Rue family. He then 
became a naturalised British subject. 

Attracted by his great friend, the late Dr. Atkinson, lecturer on 
chemistry and physics at the Sandhurst Military Academy, well 
known as the author of the English edition of Ganot’s “ Physics” 
and as an accomplished literary worker, who was resident at Cam- 
berley, Surrey, in 1885 he purchased an estate there and after 
building a house set to work to establish a garden; in course of 
years, with infinite care and labour, he converted a pine-covered, 
sandy waste into one of the most interesting and fruitful gardens 
in the country—on account of its contents rather than its arrange- 
ment, although it was full of beauty. 

On his retirement in 1902 he became a worker in the Davy- 
Faraday Laboratory attached to the Royal Institution. During 
the greater part of the year he was regular in his attendance on 
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five days in the week, spending only the week-end and the vacations 
in his garden at Camberley—notwithstanding the great attraction 
this had for him. No young worker could have been more assidu- 
ous or more begeistert, although below the surface, for he was a man 
who always kept his feelings to himself and was ever chary in his 
utterances. To watch his manipulation was to realise the spirit 
and methods of the past characteristic of the great Liebig—Wéhler 
school, a spirit born of the love of pure discovery and joy in the 
exercise of the craftsman’s skill. Always healthy and vigorous 
up to the day of his death, he never rested from work ; he was ever 
moved, in fact, by the purpose made manifest by Ulysses in Tenny- 
son’s lines : 

How dull it is to pause, to make an end, 

To rust unburnished, not to shine in use. 


Just as in early life he had a remarkable command of chemistry, 
so in later life he developed a wonderful first-hand knowledge of 
trees, shrubs and plants. His main interest lay in growing them 
and knowing them, one after the other; in this he was greatly 
assisted and encouraged by friends, such as the late Director of 
Kew, Sir Wm. Thiselton-Dyer and the late Sir Michael Foster,. 
with both of whom he was on terms of closest intimacy. Just as 
the Perkin family have worshipped new substances and spoken of 
them as beautiful, so he worshipped plants that were new to him 
and found beauty in them even when they were ugly—from the 
gardener’s point of view. His “rock garden” was built at a time 
when rock gardens were not yet in vogue and we had not begun to 
emulate the Japanese in the worship of rocks; it had no pretensions 
to being anything but a place in which “rock plants” could be 
separately grown with advantage—built in pockets, under his own 
eye and to no small extent by himself, most of the plants in it 
were the produce of his own constant and tender, loving care. 

Most unfortunately, he had no literary gift; it bored him even 
to describe his experimental work ; the accumulation of lore stored 
in his memory is consequently lost to us. It is hard that we have 
no means either of persuading or of compelling such men to 
disclose their soul’s secrets. To think what he could have told us 
outside ordinary well-known things: of materials, of processes, of 
plants and their ways; nothing is more disappointing than the 
manner in which we allow real knowledge, hardly won, to be sacri- 
ficed ; vast as is the output of books at the present day, they are of 
little if any value—for the most part vain repetition; the things 
that count in practice are too rarely recorded by workers but if we 
can take an interest in bees and wonder at their ways, surely we 
might burrow more into the doings of the best of our own kind. 
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Behind the scenes, on account of his experience and judicial 
temperament, Hugo Miiller more than once played an effective part 
as an intermediary. Owing to his friendship with Caro as well as 
with Perkin, in the early days of artificial alizarin, he was instry. 
mental in bringing about an understanding between the English 
and German interests. His services were again called into requisi- 
tion with advantage, I believe, when difficulties arose over the 
transfer of Perkin’s business to Messrs. Brooke, Simpson and 
Spiller. 


Evidence that Hugo Miiller was thoroughly schooled as an 
analyst and a close observer even in his youth is to be found in his 
early mineralogical notices. The first of these, published in 1852, in 
the Correspondenz Blatt des Zoologisch-mineralogischen Vereins mu 
Regensburg, was referred to at length by Erdmann in the Journal 
fiir praktische Chemie as the work of Hugo Miiller, Stud. Phil, 
Géttingen ; it contains an account of several rare minerals: Beryll, 
Columbite and Rutile, found at Tirschenreuth, his native home. 
Erdmann, in a footnote, refers to a correspondence with the author 
in which the latter speaks of having been in doubt as to the 
accuracy of some of his results at the time of putting them forward, 
stating that he had been able subsequently to confirm them: 

Several years later, in 1859, he published full analyses of a meteoric 
iron from Mexico and of a number of minerals of interest. While 
with Liebig he worked out a method of preparing lithium salts 
from the mineral Triphyllin, found in a coarse granite at Raben- 
stein, in the Bavarian Forest; he refers to this as a most suitable 
material on account of the high percentage of lithia and its solu- 
bility in acids. Liebig apparently had contemplated the use of 
lithia in the manufacture of an easily fusible optical glass but 
nothing came of this idea.* Lithium carbonate was quietly brought 
into use in medicine as a solvent of uric acid, however. The follow- 
ing reference to this work by Stas is of interest: 

“ Pour obtenir du chlorure de lithium, je suis parti du carbonate 
de ce métal. Je dois une partie de ce carbonate & |’amité de M. le 
docteur Hugo Miiller, dont les beaux travaux sur les composés de 
lithium sont connus de tous les chemistes. . . . Le carbonate que j¢ 
devais a la obligeance de M. Hugo Miiller . . . étaient déja asses 
purs et il ne contenaient que des traces de sodium et de calcium.” 
(Stas, @uvres Completes, Vol. I., pp. 689—690.) 

Miiller appears to have attracted Wéhler’s particular notice, aud 
at his suggestion undertook the study of the then little know? 
compounds of palladium with ammonia. An account of the work 


* Liebig und Wohler, Briefwechsel, 1829—1873, vol. ii., p. 10. 
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was published in Liebig’s Annalen under the heading: “ Pallad- 
amine, von Hugo Miiller, Aus dessen Inaugural Dissertation, 
Gottingen, 1853.” It was known that palladous chloride and 
ammonia gave rise to two characteristic compounds, one red, the 
other yellow, also that these were of the same empirical composi- 
tin; Miiller’s task was to discover the nature of the rela- 
tionship. Struck by the fact that the yellow salt could even be 
heated with caustic alkali without ammonia being evolved, guided 
evidently by Reisset’s then recent work on the platinum bases, he 
came to the conclusion that the compound was an ammonium salt 
in which palladium displaced hydrogen, N(Pd’H,)Cl; he assumed 
that the red salt, the precursor of the yellow, was simply a com- 
pound of ammonia with palladous chloride and that the reason 
why ammonia was not discharged from it by alkali was that it 
underwent conversion into the yellow salt on such treatment. He 
prepared a series of salts and also the base in a crystalline state and 
showed that the latter was far stronger than ammonia. He also 
described the palladodiammine salts formed by the action of 
ammonia in excess. Ethylamine and aniline were shown to give 
compounds corresponding with those formed by ammonia. 

It is strange that, to the present day, compounds of ammonia, 
such as were studied by Miiller in 1852, of which so large a number 
are known, must still be ranked among the unguessed riddles of 
chemistry; we know no more than he did of their constitution. 
Dazzled by the practical results of Werner’s labours, there has been 
a tendency of late years to assume with this chemist that they may 
be represented as compounds in which the linking element (the 
metallic atom) is of high valency. But Werner’s so-called co- 
ordination formule are mere mnemonic expressions of quite limited 
application, indicative of certain very obvious properties but in no 
way acceptable as structural expressions. The loss of individuality 
suffered by the constituents of such compounds on combination is 
indicative of some form of union comparable with that manifest in 
so-called closed chain (benzenoid) carbon compounds. Methods of 
determining the internal structure of crystals with the aid of 
trays such as are now coming into vogue should be of special 
rvice in connexion with such compounds. 

It is worth noting how much Hugo Miller had achieved in four 
years, under the wise system of practical training of those early 
days, at the close of his Wanderjahren as a student. It is clear 
that he was already an accomplished independent worker—he hadi 
been allowed to develop freely, not crammed, as are our students, 
foo often to be mere dictionaries of undigested facts, with pages 
tuck together so that they cannot be read for any useful purpose. 

VOL. CXT. AA 
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Our talk of reconstruction at the present day, of the great things 
we are going to do in science, will come to nothing unless we can 
free ourselves from the curse of examinations and prize-hunting— 
unless we can develop a free system of training comparable with 
that which gave such wonderful results in the early and middle 
period of last century: students were then allowed to help them- 
selves and to take the consequences if they did not; science was the 
pursuit of persons of independent character; and the drones were 
few. Little wonder that men learnt to think and to be observant 
and critical. In those days, too, there were great teachers, men of 
courage and individuality, whose one object was the unselfish 
pursuit of truth. It is the loss of these we have most to lament: 
the lowering of ideals; the fall in our social standards; the lack of 
independence consequent on the struggle for place and the con- 
comitant desire for advertisement. Science can have little success 
in our country, in the near future, unless it be assured of a more 


healthy environment. 


Hugo Miiller’s first work in this country, the investigation of 
Burmese naphtha (Rangoon tar), was carried out in conjunction 
with Warren De la Rue. Incomplete and preliminary as is the 
only published account, it is of special interest because so many 
of the practices of to-day must be traced back to it. On distilling 
the naphtha in ordinary and in superheated steam, all but about 
4 per cent. was volatilised ; from one-tenth to one-third of the more 
volatile fractions were removable by sulphuric acid. Of special 
interest but Iong overlooked is the discovery they made that these 
fractions were rich in benzene, toluene, xylene and cumene. These 
hydrocarbons were not isolated—the methods of separating them 
were not then known—but their presence was inferred from the 
production of nitrobenzene, of dinitrotoluene, of trinitroxylene, and 
of barium sulphocumolate. : 

In a later communication they state that while pursuing the 
study of the naphtha they had noticed among the products of the 
action of nitric acid on certain liquid hydrocarbons contained in the 
oil “a peculiar acid.” They add, “A very lengthened investiga- 
tion of this acid and its derivatives we are about bringing to a 
close but as the drawing up of this account will necessarily occupy 
a considerable time, we have thought it desirable to send a short 
abstract of the chief results we have obtained.” It was ever s0— 
all Miiller’s early work is in the form of incomplete short accounts: 
following the fashion of the day, his enthusiasm led him to 
unburden his mind of his secrets in preliminary notices but he had 
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no desire to advertise at length. The bad habit of reproducing 
illogically ordered note-books as papers was not then established. 

The “peculiar acid” was identified with the terephthalic acid 
first obtained by Caillot, fifteen years earlier, by oxidising turpen- 
tine, also with Hofmann’s insolinic acid obtained in a similar 
manner from oil of cwnin (cuminaldehyde). The methylic salt was 
described as the most characteristic derivative of the acid, together 
with various other derivatives, including nitro-, amino- and 
hydroxy-terephthalic acids. 

De la Rue and Miiller were led by this work to oxidise coal tar 
naphtha but the results reported were not very definite; in those 
days the benzenes were still mysterious substances. 

A little later Miiller was led to study phthalic acid in continua- 
tion of his work on the para-isomeride. He gave a very full 
account of its properties as compared with those of terephthalic acid 
in a purely preliminary notice only two and a-half pages long. 

De la Rue and Miiller also studied rhubarb, confirming previous 
observations and isolating emodin for the first time in preparing 
chrysophane; years later he stated that he had also isolated 
alizarin. 

The resin of Ficus rubiginosa from New South Wales also 
engaged their attention, the material having been obtained from 
the Paris Exhibition of 1855. They examined the resin, the chief 
constituent, with no very definite results. In addition, they 
isolated from it a crystalline acetate—sycoceryl acetate—and pre- 
pared from it an alcohol of the formula C,,H,O, which they 
regarded as a member of the benzylic series. Obviously they were 
curious people with eyes open in various directions. Noting the 
spontaneous decomposition of a quantity of nitroglycerin—they do 
not say why they had such a substance on hand—they investigated 
the product and obtained the crystalline barium salt of an acid 
which they subsequently identified, on the appearance of Debus 
and Sokoloff’s account of glyceric acid, with this acid. 

Hugo Miiller was one of the first to undertake the purification 
of coal tar phenol. For this purpose he exposed an alkaline solu- 
tion of the crude tar acid to the air and when the oxidation of 
impurities was complete treated the liquid fractionally with acid. 
The oil separated by one-sixth of the required total acid carried 
down impurities formed by oxidation, the second sixth liberated 
mainly the less acid cresols; phenol was then prepared from the 
remainder by fractional distillation. The use of lead oxide as a 
means of removing sulphur compounds from the phenol is described 
in the paper, I believe for the first. time. 
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He also studied wood tar and confirmed Hlasivetz’s observations 
on creosole, C,H,.O., showing, in addition, that when distilled with 
hydrogen iodide this afforded methyl iodide. This is a very early, 
if not the first, use of the iodide as a demethylating agent. 

In purifying crude phenol his attention was attracted to rosolic 
acid, which had been unnoticed since its discovery by Runge. In 
this connexion reference may be made to one of his most interesting 
discoveries, that of hydrocyanorosaniline, formed as a colourless, 
crystalline precipitate on adding potassium cyanide to a solution 
of a rosaniline salt. His acumen led him to recognise it not as a 
salt but as a base similar to leucaniline. 

In 1866 Stenhouse and he described the preparation of picric 
ether and also an improved method of making chrysammic acid 
from socotrine aloes. It was suggested that the acid might be 
“tetranitrochrysophane ” but at that time it was not recognised as 
an anthracene derivative. 

But his most important early work, which gave him his reputa- 
tion, was that on the use of iodine as a carrier in effecting chlorina- 
tion, as the*use of such catalysts must be dated back to this work. 
In studying the hydrocarbons of Burmese naphtha, De la Rue 
and he had tried the action of the chlorides of iodine, in the hope 
of obtaining iodine- derivatives; they found that only chloro-com- 
pounds were formed such as were produced by chlorine alone; they 
noticed, however, that chlorination was more readily effected in the 
presence of iodine. 

Desiring to prepare the alcohol and acid corresponding with 
benzene, Miiller was led to study the action of chlorine on the hydro- 
carbon; having had the experience referred to, he added iodine. 
He was thus led to the discovery that, whereas benzene chiefly 
combined with chlorine, when the two substances were brought 
together in presence of iodine it was rapidly converted into the 
substitution derivatives mono-, di- and tri-chlorobenzene. 

On making experiments with other compounds it was found that 
iodine had a remarkable general effect in facilitating the action of 
chlorine. He also drew attention to the similar effect produced 
by other intermediary agents, such as antimony pentachloride. 

His further development of the discovery was logical. He first 
applied it to the preparation of chloroacetic acid—now a substance 
of great importance in the manufacture of artificial indigo; subse- 
quently, he extended the use of iodine to the preparation of 
dickloroacetic acid. And having chloroacetic acid at his disposal, 
he proceeded to prepare cyanoacetic acid and converted this by 
hydrolysis into malonic acid ; here again he was rendering a marked 
service, as malonic acid, at a later date, became of great importance 
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asa synthetic agent. He evidently intended to extend the inquiry, 
as he kad prepared chloropropionic acid from lactic acid and 
through the cyano-derivative had obtained an acid which he 
thought might be succinic. 

Miiller’s communication to the Chemical Society is printed next to 
a short notice by Kolbe describing the same two discoveries; appa- 
rently the two workers had agreed that only one of them should 
continue the inquiry. It is significant that in those days lactic 
acid was so little understood that neither realised that it could not 
give rise to succinic acid. A year or two later the dibasic acid 
prepared from it was studied in Kolbe’s laboratory and shown to 
be isosuccinic acid. — 


A branch of Miiller’s work known to but few was that relating to 
paper-making materials. So much was he regarded as an authority 
on this subject that he was called upon to write the official report 
on this section of the chemical exhibits at the Vienna International 
Exhibition of 1873. It was issued in book form in 1876 under the 
title “ Die Pflanzenfaser und ihre Aufbereitung fiir die Technik” 
(149 pp.). The book is full of lore and technical information but 
not chemical for the most part. The elegant method which he 
devised for the estimation of cellulose in fibres is described, how- 
ever; this involves the alternate action of bromine and ammonia 
repeated until the former no longer has any effect. It may be 
mentioned, as an indication of progress, that in discussing the 
production of wood pulp, practically the only process described is 
that involving disintegration by alkali; the modern sulphite method 
is not referred to. 

Warren De la Rue and his assistant entered on a new line of 
work in 1868, when they devised their well-known chloride of silver 
non-polarisable voltaic element of constant #.M.F., consisting of 
silver chloride fused around a silver wire opposed to zinc in a 
solution of ammonium chloride, each cell being of small dimensions 
and in tubular form. By associating such cells in very large num- 
bers—up to 11,000—they were able to produce a battery of high 
E.M.F., sach as had never before been contemplated as possible. 
The form given to the battery was an exemplar of the two men, 
showing the grace of the one and the deftness of the other. Each 
cell had an #.M.F. of 1:03 volts; it may be mentioned that the 
voltage of the corresponding silver bromide cell is 0°908 and that of 
a silver iodide cell 0°758. 

A most important series of experiments, which did not attract 
the attention they deserved at the time, were made by Bleekrode 
in 1877, in De la Rue’s laboratory, to test the behaviour of various 
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binary compounds at high voltages. He was able to show that 
liquids such as carbon disulphide, benzene, cyanogen, zine ethy), 
tin tetrachloride and hydrogen chloride were not in the least 
affected. It is interesting that, in referring to these observations 
in 1877, De la Rue and Miiller pointed out that “it is most remark. 
able that fused chloride of lithium is readily decomposed by four 
Bunsen cells and fluid hydrochloric acid resists a potential of 5640 
cells, the accepted notions of electrolysis evidently requiring con. 
sideration.” 

During the years 1877-1883 De la Rue and Miller described in 
great detail, in four papers published in the Philosophical Trans 
actions, the observations they had made on the electric discharge 
in air and in other gases and in exhausted tubes. At the time 
these excited much attention, as they were brought prominently 
under notice; probably they contributed, in no small degree, to 
excite an interest in such studies, to judge from the activity with 
which research was pursued soon afterwards in this country into 
the problems of the electrical discharge. But the phenomena 
observed were too complex to meet with any direct application or 
interpretation at that time. 


On taking up scientific work, after his retirement from business, 
Hugo Miiller naturally bethought himself of problems brought 
under his notice in earlier days. When collecting materials for his 
article on vegetable fibres in A. W. Hofmann’s report on chen- 
istry at the Vienna Exhibition of 1873, he had occasion to examine 
the leaves of the palm Chamaerops humilis, then imported from 
Spain as a paper-making material. He had found in the dried 
leaves as much as 1°35 per cent. of dextroquercitol, a substance 
previously met with only in the acorn. It may be noted that 
Power and Tutin, in 1904, were able to isolate levoquercitol from 
the leaves of Gymnema sylvestre. 

On extending his observations, he had found in leaves of Cocos 
plumosa obtained from Kew and in dried leaves of Cocos nucifera 
(the ordinary coconut palm), from Jamaica, not quercitol but a 
new substance, Cocosite. When he resumed laboratory work in 
1903 he set out to investigate this compound but had the greatest 
difficulty in obtaining any quantity to work with, as palm leaves 
imported from various places, Barbadoes, Calcutta and the 
Seychelles, contained the material, if at all, only in traces. He 
again found it in the leaves of C. plumosa, grown at Kew; he 
separated a few centigrams from a litre of coconut milk but could 
not find it in the perisperm, Much time was occupied in this 
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reliminary search and he did not publish any account of the work 
yotil 1907. He then described Cocositol very fully and also several 
of its derivatives, showing that it was an isomeride of inositol or 
hexahydroxyhexahydrobenzene. 

In view of the difficulty of procuring cocositol, he took up the 
study of inositol, of which he had extracted a considerable amount 
from cochineal. He studied particularly the action of hydrogen 
bromide on an acetic acid solution of the hexacetate. He pre- 
ared several bromoacetins and the corresponding bromohydrols, 
and subjected these to reduction. 

In 1912 he gave a further and final account of his work and 
stated that he had identified cocositol with the Scyllite isolated by 
Staedeler and Frerichs in 1858 from the kidneys and other organs 
of certain plagiostomous fishes and with the Quercine separated by 
Vincent and Delachanal in 1887 from acorns. He therefore with- 
drew his name in favour of Scyllitol. The most important result 
arrived at ir this work was that under the influence of the halogen 
hydrides both scyllitol and inositol ultimately gave rise to the same 
products. He also described two new modifications of inositol. 

He finally turned his attention to the peculiar characteristic 
pulverulent surface deposit characteristic of many species of 
Primula and made the important discovery that it was identical 


| PP . 
with flavone, C,,H,,0, = | synthesised by Kos- 
NZ 


tanecki and Feuerstein in 1898. Flavone is resolved by hydrolysis 
into salicylic acid and acetophenone. The compound had not previ- 
ously been obtained from any natural source, although several of 
its derivatives are characteristic, yellow, vegetable colouring 
matters, flavone itself being colourless. 

The three investigations are noteworthy proofs of his great 
command of technique, as he had only small quantities of material 
at his disposal in several cases and was called on to unravel complex 
mixtures of substances not at all easily separated. 

Shortly before his death he had begun to examine several sub- 
stances which he had extracted in early days from ebony wood 
but no record is left of the work. 


Hugo Miiller died at Camberley on May 23rd, 1915. His decease 
vas sudden and unattended with suffering ; it was quite unforeseen 
and unexpected, although those of us who happened to see him at 
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work a few days before had been much struck by his altered manne; 
and his hopeless despair of the future: he died of broken heart, jf 
man can so end his life. 

Such is the history, so far as I can read it, of a typical German, 
a south German, of the old school—of a school that may be said 
to have served all nations and to have been welcomed by all in the 
past: ever courteous, conscientious to an extraordinary degree, 
unsparing of effort, always anxious to learn and_ progressive, 
although perhaps without great gift of originality. 

H. E. A. 


_ (NTRIBUTIONS TO THE CHEMISTRY OF CARAMEL. PARTI. 589 


LIIL.-—Contributions to the Chemistry of Caramel. 
Part I. Caramelan. 


By Mary CunnincGuam and Cmartes Doréez. 


Tur action of heat on sugars produces a mixture of compounds 
which is usually known as caramel. Caramel products have been 
ued for a long time on account of their colouring properties, and 
their manufacture has attained a certain degree of exactness, since 
it is possible to make, at will, colours of varying qualities and 
different degrees of solubility and stability. The knowledge so 
gained is largely empirical, and very little is known of the chemical 
nature of the caramel compounds and of their relations to the 
parent substance and to one another. The absence of investigation 
is accounted for partly by the indefinite position of these sub- 
stances among the carbohydrates and partly by the technical diffi- 
culties involved. The caramel compounds are very complex, very 
dificult to separate from one another, and are without definite 
melting points or other criteria of purity. They are amorphous, 
yield no crystalline derivatives, and readily form colloidal solu- 
tions. Our present knowledge of caramel from sucrose is confined, 
for the most part, to the researches of Gélis (Ann. Chim. Phys., 
1858, [iii], 52, 352; 1862, [iii], 65, 496), who showed that when 
sucrose is heated to 180—190° there are formed three products, 
which he named caramelan, caramelen, and caramelin, the order of 
their formation following the order of the vowels. Analysis 
showed that these three products are carbohydrates formed appa- 
rently by successive dehydration and polymerisation, until in 
caramelin a substance of high molecular weight and colloidal char- 
acter is reached. Their formation may be represented, for pur- 
poses of comparison, by the following equations: 
(i) 6C,.H.0,, —12H,O =6C,.H;,0, (caramelan). 
(ii) 6C,,H.0,, —18H,O = 2C,,H,.0., (caramelen). 
(ili) 6C\pgH.0,, —27H,O = 3C,,H.,0,, (caramelin). 

Practically nothing has since been added to the chemistry of 
caramel. For a long time past we have considered that a study 
of the process of the formation of caramel in the simpler sugars, 
apart from its specific interest, may have a bearing on the question 
of the constitution of cellulose and its relationship to the carbo- 
hydrates, and especially on the connected problem of the formation 
of humus, peat, and coal in the soil. Cellulose is generally repre- 
sented by the formula given by Green (T., 1906, 89, 811), namely, 
a a complex based on a C,H,O, unit derived from dextrose, the 
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units being joined through oxygen atoms (formula I). This view 
has received support from the observation of Willstitter (Ber, 
1913, 46, 2401) that cellulose passes quantitatively into dextrose 
when treated with cold concentrated hydrochloric acid, although 
previous work on the production of w-hydroxymethylfurfuraldehyde 
(Fenton, T., 1901, 79, 361) from cellulose pointed rather to 4 
ketonic structure. 

The little evidence available points to-sucrose as the precursor of 
cellulose in the development of plants. The constitution of sucrose 
is generally represented by Fischer’s formula * (II) (Ber., 1893, 
26, 2405). Two possible formule for caramelan, based on it, are 
given (III) and (IV), which explain to some extent our results 
The analogy to cellulose (I) is seen and the capacity shown by the 
caramelan unit to form more complex molecules can readily be 
explained by the opening up of the butylene oxide linking, union 
taking place between the oxygen atoms. 

HO-CH-CH-CH,°OH 
2 | >0 
HO-CH-CH-CH-OH ae 
O 
Ho-OH-GH-OH, waa 
| HO-CH-GH-CH(OH)-CH,-0H 


(I.) Cellulose unit group (Green). (1I.) Fischer’s formula for sucrose, 


HO-CH:CH—CH, HO-CH-CE*0B, 
| >oO >0 | >o >? 
HO-CH-C——CH, HO:CH:C—CH, 
>0 >0 
HO-CH:CH HO-CH:CH 
| >0 | >0O 
HO-CH:CH:-CO-CH, HO-CH-CH-CH,°CHO 
(IIT.) (IV.) 
Possible formule for caramelan, C,,H),O,. 


By chemical and bacterial action in the soil, cellulose is trans 
formed into humus. This product is generally stated to consist 
of (a) humic acid, C,.H)0,, soluble in alkali hydroxides and repre 
cipitated on addition of acids, (b) humin, insoluble in alkaline 
solutions, requiring fusion with alkalis before solution can be 
obtained. Very similar humus products are obtained by the 
hydrolysis of carbohydrates by acids and alkalis. Sestini (Gazzetta, 
1880, 10, 121, 240, 355) obtained from sucrose (a) soluble sac 

* As there is no evidence to show that the hexose groupings in sucrosé 


retain their original configuration in caramelan, Haworth and Law’s recent 
formula for sucrose (T., 1916, 109, 1319) has not, for the moment, been 


employed. 
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chulmic acid, CyyH4Ojg, and (5) insoluble sacchulmin, C,,H,,0,,. 
Bottomley (Biochem. J., 1915, 9, 260) has recently stated that 
humic acid and humin are formed from sucrose by heating it to 
900°, and suggests that in peat bogs the carbohydrates of decaying 
organic matter may pass through changes similar to those observed 
when sucrose is heated to a high temperature, thus, sucrose, cara- 
melan, humic acid, humin, and finally carbonisation (peat, coal). 
Bottomley also found that artificial humic acid obtained by boiling 
dextrose with hydrochloric acid had a composition very similar 
to the natural humic acid prepared from peat. 


Résumé of Previous Work on Caramel Compounds. 


Gélis (Joc. cit.) showed that sucrose melted at 160° and if kept at 
that temperature changed without loss of weight into dextrose and 
levulosan, CgH,,O;. 

By raising the temperature to 180—190° he obtained the three 
carbohydrates, caramelan, caramelen, and caramelin. The propor- 
tion in which each of these was formed varied with the time of 
heating and the consequent loss of weight. A loss of 12 per cent. 
gave mostly caramelan, a loss of 15 per cent. chiefly caramelen, 
and with a loss of 22 per cent. the product consisted almost entirely 
of caramelin. These three compounds were separated by extract- 
ing the caramelan with 84 per cent. alcohol, in which caramelen 
and caramelin were insoluble. The caramelen was then removed 
by extraction with cold water, leaving caramelin, which was soluble 
only in 60 per cent. alcohol or hot water. 

Caramelan, prepared in this way, is described as a brown, brittle 
solid of a bitter taste. It softens at 108°, is very deliquescent, and 
very readily soluble in water. The aqueous solution is not precipi- 
tated by metallic salts, but silver nitrate and Fehling’s solutions 
are reduced. When treated with an alcoholic solution of lead 
acetate a compound, C,,H,,0,,PbO, is precipitated, whilst ammonia- 
cal lead acetate gives C,.H,g0,,2PbO. Similar preparations were 
obtained with barium. From analysis of the lead and barium 
compounds and of caramelan itself, Gélis assigned to it the formula 
CipH,,05. 

Caramelen is described as a brown substance much darker in 
colour than caramelan and not deliquescent. It reduces Fehling’s 
solution and forms compounds with lead and barium similar to 
those of caramelan. The composition was found to be CygH4,Oo,. 

The hot aqueous solution yielded caramelin, which is a colloidal 
substance described by Gélis as existing in three modifications, 
4, B, and C, of which A is soluble in cold water, B only in boiling 
water, and © insoluble in all ordinary solvents. Caramelin 4 
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passes into the modification B on evaporating its aqueous solution, 
and can thus be separated from caramelen. All three modifica. 
tions give the same compound with barium, and have therefore the 
same composition, namely, Cy,H,,0;;. Caramelin reduces Fehling’s 
solution and is precipitated from solution by almost all metallic 
salts. It is infusible, very difficult to burn, and much darker in 
colour than caramelen or caramelan. 

Graham (Journ. Chem. Soc., 1862, 15, 258) prepared pure cara- 
melin by dialysing an aqueous solution of caramel, when up. 
changed sucrose, caramelan, and caramelen passed through the 
dialyser and caramelin remained behind. 

Caramelin prepared in this way had a similar composition, 
namely, C.,H»,0,;, and properties to the caramelin prepared by 
Gélis. It is precipitated from solution by metallic salts, and if its 
aqueous solution is evaporated in a vacuum it remains soluble, but 
if evaporation takes place at 100° an insoluble product is formed 
which will dissolve only in alkali hydroxides. 

The molecular weight of ‘caramel’ probably consisting largely 
of caramelin, was determined by Gladstone and Tribe, who found 
the value 1700, corresponding with Gélis’s formula. 

In 1899 caramelan was examined by Stolle (Zeitsch. Riiben- 
zucker Industrie, 1899, 49, 800; 1901, 51, 836; 1903, 58, 1149), 
who prepared it by heating sucrose at 180—190° until there was 
a loss of weight of 12 per cent. He found that no carbon dioxide 
or other products were formed until the temperature rose above 
180°. Caramelan is therefore formed by simple loss of water, and 
by analysis and a molecular weight determination Stolle confirmed 
the molecular formula, C,.H,,O,. On hydrolysis, a hexose similar 
to dextrose was obtained which could not be identified. 

In 1906 Trillat (Zeitsch. Riibenzucker Industrie, 1906, 56, 95) 
examined the volatile products formed when sucrose is heated. At 
200°, 0°1—0°3 per cent. of formaldehyde was obtained. At 100°, 
traces only were apparent even after twenty-four hours, but at 
150° it was perceptible even in a few minutes. Trillat concluded 
that caramel is really a combination of the polymerised products of 
formaldehyde. 


The work described in the present communication deals chiefly 
with the caramelan from sucrose.- Although a study of the action 
of heat on dextrose would seem to be a simpler problem, the pro 
ducts obtained, whilst apparently no less “complex, proved very 
much more difficult to separate than those from sucrose. The 
methods previously given for the preparation of caramelan have 
been examined. The composition C,.H,,O, has been confirmed, 
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but many of the results obtained point to C,,H,.0,, as the mole- 
mlar unit. The presence of four hydroxyl groups in the Cj, 
formula has been established by the preparation of esters, of 
which the explosive nitrate is of interest. Compounds with phenyl- 
hydrazine and semicarbazide have been prepared, but although 
these point to the presence of a carbonyl grouping, their composi- 
tio does not correspond with that of a simple derivative of 
C\pH,s09. Analysis shows that dehydration and condensation have 
simultaneously taken place, a characteristic phenomenon observed 
also in all the cases of oxidation which have been studied. On 
hydrolysis with dilute acids, dextrose and methylfurfuraldehyde 
have been obtained and a humus product. The action of concen- 
trated acid does not give simple sugars, as with cellulose, but 
results in further dehydration to caramelin. 


EXxPERIMENTAL, 
The Preparation of Caramelan. 


Preliminary experiments were undertaken to test the accuracy 
of the statement that sucrose, if heated at 170—180° until there 
is a loss of weight of 12 per cent., loses water only. This state- 
ment implies that sucrose passes quantitatively into caramelan 
according to the equation : 

C)9H990), = Cj9H,09 + 2H,0, 

which requires a loss of weight of 10°5 per cent. (the figure 11°77 
given by Stolle being calculated on the weight of caramelan instead 
of on that of sucrose). The experiment described below shows that 
with a loss iti weight of 10 per cent. and even at 168° other pro- 
ducts, besides water, are formed. A weighed quantity of sucrose 
was heated in a boiling tube attached to a wash-bottle containing 
12 per cent. hydrochloric acid to dissolve any furfuraldehyde 
formed. At 168° (thermometer placed in the sugar) oily drops 
began to distil over which dissolved in the acid. The heating was 
continued at this temperature for two and a-half hours. On testing 
the hydrochlorie acid solution with phloroglucinol, a black precipi- 
tate was obtained showing the presence of furfuraldehyde. Pun- 
gent acid vapours and carbon dioxide were also evolved. The loss 
of weight was 10 per cent., and this cannot all be due to loss of 
water. It was found, however, that if sucrose is heated at 
170—180° until fhe loss of weight is 12 per cent., practically pure 
taramelan free from sucrose and higher caramel products was 
obtained. This was the method of preparation finally adopted, 
300 grams of sucrose requiring about four hqurs’ heating. 

Considerable quantities of caramelan were also prepared accord. 
ing to Gélis’s method, which is more tedious to carry out than the 
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one described above, although the time of heating is greatly 
reduced owing to the higher temperature employed. The details 
are as follows: 

Three hundred grams of sucrose were heated in a porcelain . 
beaker at 180—190° and stirred continually with the thermometer. 
After two hours, the loss of weight was 12 per cent. The contents 
of the beaker were dissolved in water, the solution filtered, and the 
filtrate evaporated to a syrup, which was dried at 100° and finely 
powdered. The powder was treated with boiling 84 per cent. 
alcohol and filtered hot, the filtrate being evaporated on the water. 
bath and finally dried at 120°. 

Caramelan, prepared in these ways, is a brown, gritty powder, 
very hygroscopic, but not viscid unless damp. When quite dry, its 
melting pojnt is 136°, but if at all moist it begins to soften at 
100°. It is very readily soluble in water, fairly so in 84 per cent. 
alcohol, pyridine, methyl alcohol, or hot glacial acetic acid; 
insoluble in ether, alcohol, or benzene. It reduces silver nitrate 
and Fehling’s solution. A concentrated aqueous solution acidified 
with hydrochloric acid gives a red precipitate on the addition of 
resorcinol, which is soluble in alcohol or alkalis. Phloroglucinol 
gives a similar precipitate, but of a deeper colour. 

In order to prepare a pure sample of caramelan for analysis, 
attempts were made to precipitate it from aqueous solution by 
means of alcohol. The substance, however, separated as a syrup 
which could not be collected, but it was found that if the solution 
contained acetic acid or ammonia, a flocculent precipitate was 
obtained which settled well and could be collected and washed with 
alcohol. After drying, it formed a buff-coloured powder much 
paler in colour than crude caramelan: 

0°0993 gave 0°1707 CO, and 0°0567 H,O. C=46°9; H=6°3. 

C,,H,,0, requires C=47'1; H=5'9 per cent. 

Stolle found C=46°2; H=6'4 per cent. 


Molecular-weight determinations of caramelan and some of its 
derivatives were also carried out. These will be discussed later. 


The Esters of Caramelan. 


The formula C,.H,,0, indicates that the eight hydroxyl groups 
in sucrose have been reduced to four in caramelan. This was veri- 
fied by the preparation of the following esters: 

Caramelan Tetra-acetate, C,,H,,0,(CH,°CO),—A mixture «f 
20 grams of caramelan, 40 grams of fused sodium acetate, and 
60 grams of acetic anhydride was boiled for two hours under a 
reflux condenser. The contents of the flask became very dark- 
coloured. On pouring into water a voluminous, brown precipitate 
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formed, which was washed several times by decantation. It was 


wid dissolved in hot alcohol and precipitated by the addition of salt 
olution. After washing and drying in a vacuum, the acetate 
slain formed a yellow powder insoluble in water or ether, but soluble in 
ster benzene, hot alcohol, or glacial acetic acid. On heating, it shrinks 
wens at 96° and melts at 107°. It reduces silver nitrate and Fehling’s 
the lution. (Found, C=51°0; H=5°8. C, ,H,0,3 requires C=50°6; 
nely hl plage SO :; , 
wi Stolle (oc. cit.) obtained this compound in 1899, and his descrip- 
her. tion agrees, with slight exception, with that of the above prepara- 


tion. 
Caramelan Tetrabenzoate, CygH,40O,(C,H,;*CO),—Five grams of 


caramelan dissolved in 30 c.c, of dry pyridine were mixed with 


. 10 grams of benzoyl chloride diluted with the same solvent. After 
ant. remaining for twelve hours, the mixture was poured into water, 
id: when a tarry precipitate formed which was dissolved in acetone and 
ate precipitated by salt solution. The precipitate was washed with 
bed water and dried in a vacuum. The benzoate formed a pale buff- 
of coloured powder melting at 105—108°, soluble in acetone, chloro- 
nol form, alcohol, or benzene, and insoluble in water, ether, or light 
petroleum : 

is, 0'1497 gave 0°3630 CO, and 0°0661 H,O. C=66:1; H=4°9. 

by CyyHs,0,, requires C=66°5; H=4°7 per cent. 

up Caramelan Tetranitrate, C,,H,,0,(NO,),—Five grams of cara- 
on melan, cooled in ice, were treated with 50 c.c. of fuming nitric acid, 
as in which it dissolved quite readily, and 25 c.c. of concentrated 
th sulphuric acid were gradually added. A solid clot formed, which 
ch was washed with ice-water by decantation after the bulk of the 


acid had been poured off. When dried, the product was dissolved 
in hot alcohol, from which it separated on cooling. The nitrate 
forms a yellow powder which inflames violently on warming, 
resembling nitrocellulose in this respect. It is very readily soluble 
in ether, alcohol, or benzene, but insoluble in water. The nitrate 
decomposes so easily on warming that it was impossible to analyse 
it by the ordinary method. The nitrogen content was therefore 
estimated by the nitrometer: 
01163 gave 21°4 cc. NO at 14° and 758 mm. N=11°0. 

C,.H,,0;,N, requires N=11°5 per cent. 


The Molecular Weights of Caramelan and its Esters. 


Stolle, as the result of a single determination in aqueous solu- 
tion, obtained a value for the molecular weight of caramelan corre- 
sponding with the formula C,,H,,09. The following experiments 
do not confirm this. 
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(a) Caramelan. Solvent, water. C,.H,O, requires M.W.=306, 


Concentration Weight Depression 
of of of the 
solution, substance freezing Molecular 
per cent. taken. 


0-8 0-2477 
2-9 0-8657 
3:3 0-8959 
4-1 1-2345 

(>) Caramelan tetra-acetate, C,,H.0O,, requires M.W.=474. 

(i) 0°475 in 31 benzene gave At= +0°041°. M.W.=972. 

(ii) 0°8365 in 31 benzene gave At= +0°072°. M.W.=972. 

(c) Caramelan tetrabenzoate, C,,H3,0,3, requires M.W.=722. 

(i) 0°3135 in 41°8 ethylene dibromide gave A= —0-042 
M.W.= 2107. 

(ii) 0°7439 in 41°8 ethylene dibromide gave At=—0-087° 
M.W. = 2414. 

The results indicate, in the case of caramelan and its acetate, a 
molecular weight of twice that corresponding with the formula 
C).H,,0,. They may be explained by the well known association 
phenomena shown by polyhydroxy-compounds in the limited range 
of solvents available, and the fact that the benzoate gives a value 
three times that of the simple formula may be held to support this 
view. Several observations described below, however, are best 
explained on the assumption of the double formula, and, although 
it is not possible to decide definitely, a review of the evidence asa 
whole points to the formula C,,H,,0,, as the correct one. 


The Aldehydie or Ketonie Character of Caramelan. 


Caramelan, besides reducing silver nitrate and Fehling’s solu. 
tion, gives red precipitates with resorcinol and phloroglucinol. The 
reaction with these phenols is generally described as characteristic 
of ketoses, and points to the presence of a ketonic group in care 
melan which should give the usual derivatives. Caramelan, when 
warmed with phenylhydrazine, gives an insoluble compound which 
readily forms colloidal solutions, but although a number of pre 
parations were made, under varying conditions, none of them had 
the composition of a simple hydrazone. 

Analysis of all the derivatives showed that polymerisation to 4 
C,, molecule had taken place, together with a varying loss of water. 
An obvious way to avoid this dehydration would be to work with 
one of the esters, but although the acetate, when treated with 
phenylhydrazine, yields an insoluble compound, this has not yet 
been obtained sufficiently pure for analysis owing to the difficulty 
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of separating the hydrazone from unchanged acetate, since both 
are soluble in the same solvents. 

(I) Reaction with Phenylhydrazine in the Presence of Acetic 
deid—Five grams of caramelan were dissolved in water and 
4 grams of phenylhydrazine in acetic acid solution added, together 
with 2 grams of sodium acetate. The mixture was warmed on the 
water-bath and after twenty minutes a precipitate began to form. 
The precipitate settled well after the addition of brine and was 
washed with water containing acetic acid. After being dried, it 
formed a dark red, infusible powder, sparingly soluble in alcohol 
or pyridine. A second preparation was made, using only half the 
quantity of phenylhydrazine. Analysis of these two derivatives 
gave the following results: 

(i) 0°0996 gave 0°1972 CO, and 0°0494 H,O. C=54°2; H=5'5. 

01407 ,, 41 ¢.c. N, (moist) at 13° and 770 mm. N=3'5. 

(ii) 01035 ,, 0°2071 CO, and 0°0544 H,O. C=54'6; H=5'8. 

0°2440 ,, 74 c.c. N, (moist) at 23° and 770 mm. N=3'8. 
C,,H,,0,;N> requires C=54'1; H=5'7; N=4°2 per cent. 


A compound, C,H,,0,;N,, would be formed from caramelan 
according to the equation : 


Il. Reaction with Phenylhydrazine in the Presence of Sulphuric 
Acid—The reaction with phenylhydrazine was next carried out 
in the presence of sulphuric acid to confirm, if possible, our first 
impression that the low value found for nitrogen indicated, not 
the formation of a hydrazone, but a condensation similar to the 
carbazole reaction, ammonia being eliminated (Dorée, T., 1909, 95, 
653). The compound obtained was similar to that described above, 
but on analysis : 

0'1159 gave 0°2666 CO, and 0°0501 H,O. C=62°7; H=4°8. 

04070 ,, 186 c.c. N, (moist) at 15° and 758 mm. N=5'3. 

CypHg0;)N, requires C=62°4; H=4'8; N=4°9 per cent. 

After solution in pyridine and fractional precipitation by alcohol 
the nitrogen content remained unaltered : 

0°2055 gave 9°4 c.c. N, (moist) at 18° and 770 mm. N=5°3. 


The substance would thus appear to be a definite compound. It 
may be formed from caramelan according to the equation : 


20 5H.0, + C,H; NH-NH, = Cy Hg019No + 8H,0. 

This indicates that two molecules of caramelan, under the 
stronger condensing action of the sulphuric acid, have lost seven 
molecules of water while reacting with phenylhydrazine. A similar 

B B* 
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proportionate loss is found in the condensation of caramelan to 
humic acid, C.,H.0,,; (see below) : 
2C,oH,.O, = C,,H..0,, + 7H,O. 

(III) Reaction with Semicarbazide—Ten grams of caramelan 
and 10 grams of sodium acetate were each dissolved in 10—15 o,¢. 
of water, the solutions mixed together, and 6 grams of semicarbazide 
hydrochloride in 5 c.c. of water added. After warming at 60° 
for half an hour, the mixture was allowed to remain for twenty-four 
hours. On pouring into salt solution a brown precipitate appeared, 
which was dried, washed free from salt with diluted alcohol, and 
purified by solution in pyridine and reprecipitation by alcohol: 


0°1034 gave 0°1986 CO, and 0°0507 H,O. C=52'4; H=5-4, 
0°2357 ,, 11°0 cc. N, (moist) at 12° and 752 mm. N=5'5. 
Cy7Hy,0.,.N3 requires C=52°4; H=5°1; N=5'5 per cent, 
No explanation of the result can be offered, except that a com- 
pound of this composition might be formed thus: 


The Action of Acids on Caramelan (3 per cent. Sulphuric Acid, 
12 per cent. Hydrochloric Acid, and 40 per cent. Hydrochloric 
Acid). 


Caramelan being thus recognised as an anhydro-derivative of 
sucrose, it was important to ascertain whether, under the action of 
acids, it became hydrolysed to simpler carbohydrates. The results 
show that with dilute sulphuric acid, caramelan does yield some 
dextrose, together with methylfurfuraldehyde and a humic acid. 

(i) Three per Cent. Sulphuric Acid—One hundred grams of 
caramelan were warmed on the water-bath for eighteen hours with 
1 litre of 3 per cent. sulphuric acid. The solution, which was dark 
and opaque, showed little change in colour as the heating continued. 
A dark brown substance separated, which after washing with water 
and drying weighed 14 grams (product A). It resembled the humic 
acid obtained by Conrad and Gutzeit (Ber., 1885, 18, 443) and 
others from carbohydrates. The filtrate from this was examined 
as described below (filtrate B). 

The insoluble product A was a brown powder insoluble in all 
solvents. It had no reducing properties. When treated with 
dilute alkali hydroxides it formed a red solution, which after 
neutralisation gave insoluble lead ‘and barium salts : 

(i) 0°1116 gave 0°2417 CO, and 0°0510 H,O. C=59'1; H=5°0. 

(ii) 071290 ,, 0°2784 CO, ,, 0°0557 H,O. C=589; H=4%. 

C,,H,.0,, requires C=59°3; H=4°5 per cent. 
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This compound could be formed from caramelan according to the 
equation : 

2C 2H) .0, = C.4H..0;, + 7H,0. 

By boiling dextrose with 7 to 12 per cent. hydrochloric acid, 
Bottomley (Biochem. J., 1915, 9, 260) obtained an artificial humic 
acid of the composition C=60°74; H=5'13 per cent. He also 
found that the natural humic acid obtained from peat after purifi- 
cation with aleohol gave C=60°37; H=5°39. The product pre- 
pared from caramelan is, therefore, very similar in composition to 
both the artificial and natural humic acid. In order to characterise 
this substance still further, advantage was taken of an observation 
subsequently made (p. 604) that 7 per cent. nitric acid has both 
an oxidising and nitrating action on many of these complex carbo- 
hydrates, and that, in the case of caramelan it yields a compound, 
C,,H,,0,,N. The composition of this substance suggested that it 
might be a derivative of a previously formed humic acid, 
C,,H.0,,, which, therefore, if similarly treated, should yield the 
same compound. This hypothesis was confirmed by the following 
experiment. Five grams of the humic acid were warmed on the 
water-bath for thirty minutes with 7 per cent. nitric acid, when the 
colour changed from dark brown to bright red. Carbon dioxide 
and nitrous fumes were evolved, and if the heating was continued 
too long the red compound began to pass into solution. When 
dried, it formed an infusible, red powder, soluble only in alkali 
hydroxides to a red solution. Insoluble lead and barium salts could 
be prepared from this solution. The substance reduced silver 
nitrate and Fehling’s solution, and when warmed with zinc dust 
and potassium hydroxide evolved ammonia. These reactions indi- 
cate that the compound is a nitrated derivative of the humic acid, 
CHO) : 

0'1332 gave 0°2522 CO, and 0°0488 H,O. C=51°6; H=4'1. 

05739 ,, 13°6 cc. N, (moist) at 13° and 760 mm. N=2°8. 

C,,H.,0,,N requires C=51-4; H=4'3; N=2°6 per cent. 

This nitrated compound may be regarded as derived from the 
humic acid, C,,H5.0), : 

C,,H.0,, + HNO, + O, = Cy3H,,0,,N + COg. 

The initial action of dilute nitric acid therefore closely resembles 
that of hydrochloric and sulphuric acids in that it produces humic 
acid. 

Examination of the Soluble Products of Hydrolysis—The 
fltrate B from the insoluble humic acid was neutralised with lead 
carbonate, the lead precipitated with hydrogen sulphide, and the 
filtrate several times extracted with ether. The aqueous residue 
from the ethereal extract was concentrated by distillation under 

B B* 2 
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diminished pressure and left a syrup whtich, after treatment with 
animal charcoal, became very nearly colourless. This syrup had 
previously been obtained and examined by Stolle (Zeitsch. Riiben. 
zucker Industrie, 1903, 58, 1149), who, after working up 600 grams 
of caramelan, isolated a small quantity of a crystalline sugar from 
it. In its optical rotation and melting point (93°) it resembled 
dextrose, but its osazone, although having the composition of q 
hexose osazone, melted at 197° instead of 206—207° as required for 
glucosazone (Fischer). By oxidation with dilute nitric acid, dar. 
taric acid was obtained. With these differences, Stolle considers it 
doubtful whether the sugar formed from caramelan is really dex. 
trose. In the present case the sugar did not crystallise in a reason. 
able time. Its solution gave all the qualitative tests described for 
dextrose identically with those given by a specimen of pure dex. 
trose. It readily gave an osazone after warming for half an hour 
with phenylhydrazine acetate. This was carefully purified by 
crystallisation from dilute pyridine, and melted at 206-207 
very sharply. Its microcrystalline appearance was identical with 
that of glucosazone, and it formed mixed crystals without any 
alteration of form. When mixed with a specimen of glucosazone 
melting at 206°, the melting point remained unchanged. The 
syrup, on oxidation with nitric acid (D 1°15), gave saccharic acid, 
which was isolated as the potassium hydrogen salt. (Found, 
K=15'2. KHC,H,O, requires K=15°7 per cent.) 

These observations taken together make it almost certain that 
the sugar formed by the hydrolysis of caramelan is dextrose. 

The ethereal extract was acid. On extraction with dilute alkali 
a dark red solution was obtained which gave a hydrazone and 4 
silver salt, but neither of these could be identified as a derivative 
of levulic acid. Stolle recognised the presence of this acid, how 
ever, by means of the calcium salt. The ether remaining left a 
yellow oil which showed all the reactions of methylfurfuraldehyde 
described in a previous paper (Cunningham and Dorée, Biochem. J, 
1914, 8, 438). It gave a red, and not a black, precipitate with 
phloroglucinol, soluble in alcohol, and a yellow colour with aniline 
in alcohol, in these respects differing from furfuraldehyde. It also 
formed a yellow precipitate with barbituric acid (distinction from 
w-hydroxymethylfurfuraldehyde). The presence of methylfurfur 
aldehyde is thus indicated. 

(ii) Twelve per Cent. Hydrochloric Acid.—Caramelan was treated 
with acid of this strength and the distillation carried out according 
to the Kréber method for the estimation of furfuraldehyde (/. 
Landw., 1901, 49, 7). The distillates gave black precipitates with 
phloroglucinol, insoluble in alcohol, indicating that furfuraldehyde 
alone was present (Ellett and Tollens, J. Landw., 1905, 58, 3). 
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(a) 5°44 Caramelan gave 0°0615 furfuraldehyde phloroglucide 
Furfuraldehyde=0°40 per cent. 

(b) 418 Caramelan gave 0°0390 furfuraldehyde—phloroglucide. 
Furfuraldehyde=0°45 per cent. 

Previous experiments had shown that such carbohydrates as 
dextrose, levulose, starch, and cellulose give constantly about 
0:2 per cent. of furfuraldehyde and 1—1'5 per cent. of w-hydroxy- 
methylfurfuraldehyde. The above observations show that the 
latter substance is not formed by caramelan under the conditions 
employed, and this difference again suggests modifications of the 
parent sugar during the formation of caramel. 

A very considerable black residwe remained in the flask after 
these distillations, and as similar products have been obtained 
previously from sugars, cellulose, and lignocellulose, it was, for 
comparison, characterised by the method used in these cases (Cross, 
Chem. News, 1881, 44, 185). The residue was washed until free 
from acid, and when dry formed a brown powder. This was 
moistened with water and treated with potassium chlorate and 
hydrochloric acid, when it immediately turned yellow. The yellow 
compound was collected, washed, and dried. It dissolved entirely 
in alkali hydroxides, and was reprecipitated on the addition of 
aid. Analysis showed that it contained chlorine: 


00993 gave 0°1475 CO, and 0°0334 H,O. C=405; H=3°7. 

01005 ,, 00602 AgCl. Cl=14°83. 

CyyH90,,Cl, requires C=40°5; H=4:0; Cl=14'98 per cent. 

The compound is therefor? probably a chlorinated derivative of 
ahumic acid, and its composition is of the same order as those of 
the chlorinated humus substances previously obtained. Thus 
Cross (this Journ., 1880, 38, 668; T., 1882, 41, 94) prepared from 
jute a compound, C,)H,,0,,Cl,, and from esparto pulp a product, 
CyH yO. .Cls, whilst from cellulose a compound, C,.H,,0,.Clj», was 
obtained (Gostling, T., 1903, 88, 190; Sestini, Gazzetta, 1882, 12, 
292). All these substances differ from the derivative prepared 
from caramelan in that they represent more highly dehydrated 
compounds. The composition C,H 90;,Cl,; does, however, suggest 
a chlorinated derivative of the humic acid, C,,H..0,,, which we 
obtained on hydrolysis with 3 per cent. sulphuric acid (p. 598). 

The results therefore obtained on oxidation with nitric acid and 
vith chlorine indicate that the humic acid, C,,H,.0,,, is a constant 
product of the action of acids on caramelan. 

(ii) Forty per Cent. Hydrochloric Acid—Cellulose when treated 
vith this reagent for a short time dissolves, and is stated to be 
‘onverted quantitatively into dextrose (Willstiitter, Joc. cit.). 
Sucrose, again, gives high yields of w-chloromethylfurfuraldehyde 
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(Fischer, Ber., 1914, 47, 973), this substance being produced 
entirely from the levulose formed in the initial hydrolysis, J ’ 
was thought therefore not unlikely that caramelan would yield 
one or other of these substances, but quite contrary results were 
obtained. 

Five grams of caramelan were shaken with 50 c.c. of acid of 
D 1:2. The caramelan did not dissolve, but darkened, and, on 
keeping, the mixture set to a stiff, black, homogeneous jelly which 
filled the whole liquid space. The black substance was broken 
into small pieces and washed with water until free from acid, 
After drying at 100° it was insoluble in alkali hydroxides and 
resembled caramelin in appearance. It was not fusible: 

0°1226 gave 0°2496 CO, and 0°0546 H,O. C=55°5; H=5'0. 

C.,H,,0;, requires C=55°2; H=5°0 per cent. 

Caramelan is thus converted into a product having the appear. 
ance, composition, and general properties of caramelin (see p. 591), 
The action of 40 per cent. hydrochloric acid is therefore not one 
of hydrolysis, as with cellulose and sucrose, but of dehydration, 
and may be compared with the action of concentrated sulphuric 
acid on sucrose. 

The following scheme contains a summary of the various actions 
of acids on caramelan described above: 


Caramelan. 


+ + + + 
HCl 3% HCl 12% HNO, 7% HCI 40% 


v N Y 
dextrose X Y furfuraldehydey Caramelin 
methylfurfur- humic acid —> chloro- Cy,H 6s 
aldehyde C,,H,.C,, derivative 
C24 H 999) gCl, 
nitro-derivative <—— 
Cy4H.30,,N 


Acetolysis of Caramelan. 


The use of a reagent consisting of acetic anhydride in the 
presence of a strong acid has proved of great value in the examina- 
tion of complex carbohydrates (Skraup, Monatsh., 1901, 22, 
1011). Resolution by the acid and acetylation of the products 
takes place simultaneously, the simple derived product being 
isolated as an acetyl derivative. Cellulose, for example, 
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yltimately gives cellobiose octa-acetate; starch with acetic 
anhydride saturated with hydrochloric acid gives a chloroacetyl 
erythrodextrin, and cellulose a hepta-acetyl chlorocellose (Skraup, 
ibid., 1905, 26, 1415). Born and Nelson (J. Amer. Chem. Soc., 
1915, 54, 1763) have shown that acetolysis sometimes stops at 
a monosaccharide and sometimes at a disaccharide, and consider 
that this is due to the nature of the oxygen linkings connecting 
the monosaccharide residues. Thus, whilst sucrose gives aceto- 
bromoglucose, maltose under the same conditions gives aceto- 
bromomaltose. 

Caramelan, therefore, might be expected to give either a monose 
or a biose, but the results obtained were quite different. Ten 
grams of dry caramelan were treated with 55 grams of a reagent 
made by saturating acetic anhydride with dry hydrochloric acid 
at —8°. The mixture, after remaining for ten days at the 
ordinary temperature, was poured into water, and gave a dark 
brown, friable solid. This was extracted with benzene, and the 
filtrate, on cooling, deposited almost white flocks. These were 
purified by solution in alcohol, and obtained as an almost: white 
powder melting at 107°. In melting point and solubility this 
substance agrees with caramelan tetra-acetate, the identity with 
which was confirmed by analysis: 

01010 gave 0°1877 CO, and 0°0509 H,O. C=50°'7; H=5°6. 

C.9H,0)3 requires C=50°6; H=5°5 per cent. 

The portion insoluble in benzene was left as a black solid, partly 
soluble in acetone or alcohol. It closely resembled the dehydrated, 
humus-like products previously described, and on treatment with 
dilute nitric acid gave a similar red nitro-compound. 

The effect of acetolysis under these conditions is thus partly to 
dehydrate and partly to acetylate the caramelan molecule. 


The Action of Oxidising Agents on Caramelan. 


Although sensitive to most oxidising agents, caramelan was not 
found to be resolved into simpler substances which would throw 
light on its constitution. Potassium permanganate or chromic 
acid under various conditions gave complex colloidal acid pro- 
ducts, soluble only in water, which could not be purified. The 
action of dilute nitric acid gave unusual results. The actions of 
bromine water and of ozone have also been investigated. 

(1) Dilute Nitric Acid_—One hundred grams of caramelan were 
warmed on the water-bath with 400 c.c. of 7 per cent. nitric acid. 
The solution, which at first was dark red and opaque, after about 
thirty minutes became transparent and of a light red colour. 
Considerable evolution of carbon dioxide and nitrous fumes took 


604 CUNNINGHAM AND DORE£E: CONTRIBUTIONS TO THE 


place, and a red, insoluble substance, C, separated which was 
identical in all its properties with those of the product obtained 
from the humic acid previously described (p. 599). 
Analyses were made (i) of the original substance and (ii) of the 
precipitate obtained by acidifying its alkaline solution: 
(i) 0°01216 gave 0°2296 CO, and 0°0518 H,O. C=51'3; H=47, 
0°3722 ~—sy,_:-9'5 c.c. N, (moist) at 15° and 758 mm. N=92°9, 
(ii) 0°1882 gave 0°3544 CO, and 0°0842 H,O. C=51'3; H=4-4, 
071450 ,, 3°4 cc. N, (moist) at 16° and 763 mm. N=27, 
C,,H.30,,N requires C=51'4; H=4°3; N=2°6 per cent. 
The substance is therefore not changed by solution ‘in alkali, 
and its composition suggests that nitric acid, besides oxidising 
caramelan, has also a nitrating and a dehydrating action. A com- 
pound, C,,H,,0,,N, would be the nitro-derivative of an acid, 
C.3H,0,. (see p. 606). It is probably similar to the yellow acid 
products obtained by treating coal with nitric acid (Chem. News, 
1881, 44, 185). 


Examination of the Soluble Products—Filtrate D. 


The filtrate from the insoluble compound C was evaporated 
with water until free from nitric acid. A syrup remained entirely 
soluble in alcohol, and therefore free from unchanged caramelan. 
It could not be obtained solid even after long drying in a vacuum. 
The aqueous solution was strongly acid, reduced silver nitrate and 
Fehling’s solution, and reacted with phenylhydrazine, indicating 
the presence of a ketonic acid. The syrup was dissolved in water, 
and (a) one-half of the solution was neutralised with calcium 
carbonate and (+) the other half treated with phenylhydrazine, 
which gave an insoluble derivative. 

(a) The calcium salt of the acid was very readily soluble in water. 
Alcohol was added to the solution, when a colloidal precipitate 
was obtained. This was washed with alcohol and dried in a 
vacuum. It formed a pale brown powder which apparently con- 
tained water of crystallisation, but this could not be estimated, 
since even on warming at 60° the salt decomposed: 

0°1080 gave 0°1172 CO, and 0°0454 H,O. C=295; H=477. 

01676 ,, 4:1 cc. N, (moist) at 17° and 758 mm. N=2°9. 

0°2206 ,, 0°0294 CaO. Ca=9°5. 

C,,H,,0,,NCa,5H,O requires C=29'4; H=5:1; N=3'2; Ca=89 
per cent. : 

That this formula is not improbable will be shown under (0), 80 
that the calcium salt appears to be derived from a nitrated acid, 
C,,H,,0O;,.N. This acid is probably dibasic, and the reducing 
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properties of the calcium salt indicate that it contains a ketonic 
group. An acid, C,,H;,0,)N, might be formed from caramelan, 
CipHs09, a8 follows: (1) C)2H,,0)=C,.H,,0, + H,0 ; 

(2) CipHyg03 + HNO; + O. = C,,H);0,.N + HO + CO,. 

In all cases of oxidation so far investigated, the loss of one 
carbon atom has been observed, and this seems generally true of 
the action of oxidising agents on caramelan. 

(b) The portion of the residue treated with phenylhydrazine in 
acetic acid solution was warmed on the water-bath for about 
twenty minutes, when a colloidal precipitate formed which settled 
after. the addition of brine. After being washed with water and 
dried in a vacuum, it formed a dark red, infusible powder: 

0'0990 gave 0°1800 CO, and 0°0451 H,O. C=495; H=5'l. 

01263 ,, 10°8 c.c. Ng (moist) at 15° and 758 mm. N=10°0. 

C,;H,O,N, requires C=49°6; H=5°1; N=10°2 per cent. 

These figures are in good agreement with those given for the 
calcium salt of the acid, C,,H,,O;)N, described above. The 
hydrazone of this acid would be formed directly: 

C,,H,,0,;)N + C;H;-NH:*NH,=C,,H;,0,N; + H,0O. 

(2) Nitrie Acid (20 per cent.).—With 20 per cent. nitric acid 
oxidation took place immediately on warming on the water-bath, 
and the solution, which was at first dark red and opaque, quickly 
became clear. Considerable evolution of carbon dioxide and 
nitrous fumes took place. No insoluble precipitate was formed 
in this case, and it was noticed during the oxidation of the humic 
acid, C,,H,,0,,, that the red compound, C,,H,,0,,N, passed into 
solution if treatment with the 7 per cent. nitric acid was con- 
tinued too long. The clear, pale red solution was neutralised with 
calcium carbonate, and, after concentration, a syrup was obtained 
which had powerful reducing properties. As no insoluble salt 
could be obtained from the syrup, the acid was isolated by means 
of its phenylhydrazine derivative prepared in actic acid solution. 
The compound, after drying in a vacuum, formed a dark red, 
infusible powder : 

00892 gave 0°1977 CO, and 0:0474 H,O. C=60°4; H=5'9. 
01337 ,, 9°4 cc. Ny (moist) at 19°5° and 765 mm. N=8'l. 
C,;H,,0,,N, requires C=60°8; H=5°5; N=8'l per cent. 

The composition C,;H,,0,,N, indicates an acid containing two 
tetonic groupings and having the composition C,3H4.0}5. 

CogHog013 + 2C,H;"NH*NH, = C;,H3.0,,N, + 2H,0. 


As previously mentioned, the insoluble compound, C,,H,,0,,N, 
vas not formed, so that it was probably acted on by the 20 per 
‘nt, nitric acid employed. This compound if denitrated would 
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give an acid, C,;H,,O,., which on further hydrolysis would become 
CysH2,0;3, and might give the phenylhydrazone, C,;H;.0,,N,, 
described. 

The connexion between these products is shown in the following 
scheme: 


on C,,H,.0,, —> C,,H,,0,.°NO, + C,,H,,0,°NO, 


$ (humic acid) (insoluble acid) (soluble acid) 
£ | 
Y 
Cr2His% <2, [C.,H,,0,.] 
<8 | 
7 


> [C,,H,,0,,] (isolated as 
(soluble acid) dihydrazone) 


Oxidation with Bromine Water.—The action of this reagent 
followed the same general lines as oxidation with nitric acid. 
Complicated bromo-derivatives were obtained, indicating a con- 
densation of molecules and the loss of one carbon atom by oxida- 
tion. Two compounds were isolated, namely, C,,H;,0, .Br and 
C,;H;oO.9Br,. These appear to be bromine substitution products, 
and are somewhat similar to the sesquibromo-oxysacchulmide, 
Cy,Hgg0g.Brg, obtained from sacchulmic acid (Sestini, Gazzetta, 
1880, 10, 355). 

Bromine water was gradually added to an aqueous solution of 
caramelan, when the bromine was rapidly absorbed. The solution 
was poured into alcohol, when a yellow precipitate was obtained. 
This was collected, washed with alcohol, and dried in a vacuum. 
It formed a yellow, infusible powder soluble in water, but in- 
soluble in other solvents. The bromine was estimated by boiling 
with nitric acid in the presence of silver nitrate: 


(i) 0°1050 gave 0°0191 AgBr. Br=7°74. 
(ii) 01012 ,, 00190 AgBr. Br=7°98. 
C,;H;s0.Br requires Br=7°9 per cent. 
Another experiment was carried out in which, roughly, twice as 
much bromine water was used, so that the bromine remained in 
excess. A yellow precipitate was obtained on addition of alcohol: 
(1) 0°1306 gave 0°1830 CO, and 0°0563 H,O. C=382; H=48. 
01156 ,, 00398 AgBr. Br=14°7. 

(2) 0°1018 ,, 0°1418 CO, and 0°0433 H,O. C=380; H=47. 
0°2187 ,, 0°0753 AgBr. Br=14°6. 

C,;H;.0.Br, requires C=38'2; H=4°7; Br=14'6 per cent. 

Oxidation with Ozone-—Many experiments were carried out on 
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the oxidation of caramelan with permanganate and chromic acid, 
but in each case complex acids, soluble in water, were produced 
which formed colloidal salts with the manganese and chromium 
and gave no useful results. Oxidation with ozone was tried in 
the hope that some cleavage of the molecule might take place 
which could be interpreted in the light of recent work on the 
action of ozone. A solution containing 10 grams of caramelan in 
100 c.c. of water which, except in thin layers, is opaque, became 
clear and very pale yellow after four hours’ treatment with 2 per 
cent. ozone. This indicated that some action affecting the cara- 
melan molecule as a whole had taken place, although the weight 
of ozone reacting could only be small (about 0°5 gram O,). The 
formation of an unstable peroxide is the most probable explana- 
tion, since on boiling the solution the dark colour returns, and the 
peroxide appears largely to revert to caramelan. A second treat- 
ment with ozone gave the same results. The liquid was strongly 
acid and gave a precipitate with lead acetate, from which an 
amorphous, brown-coloured acid was isolated by treatment with 
hydrogen sulphide. Another portion of the ozonised solution gave 
an aqueous distillate which contained acetaldehyde in appreciable 
quantity. This substance was recognised by the usual tests, and, 
in addition, converted into ethylidenedi-8-naphthol oxide, which 
gave the correct melting point (173°). 

The formation of acetaldehyde from caramelan seems to require 
the presence of a methyl group in the molecule. This aldehyde 
would normally be formed from an unsaturated organic compound, 
CH;,°CH:CX, the ozonide of which would be decomposed by water 
‘into CH,-CHO + X-CO,H. 

This observation may be of importance, since the recognition of 
a simple product of decomposition has often been useful in 
indicating the constitution of organic compounds. 


Summary and Conclusions. 


(1) Sucrose, on heating at 170—180°, loses 2 molecules of water, 
forming caramelan, C,,H,,0,, a tetra-atomic alcohol (m. p. 136°), 
characterised by the formation of a tetra-acetate (m. p. 107°), a 
tetrabenzoate (m. p. 105°), and a tetranitrate (explosive). It is 
not possible to decide definitely between the molecular formule 
1 28lsOy or C,,H5,0,3, but the reactions lend some support to the 
atter. 

(2) Compounds formed by caramelan with phenylhydrazine and 
semicarbazide indicate the existence of one CO- or CHO-grouping 
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per Cy unit, but in each case these are formed with extensive 
dehydration. 

(3) Concentrated non-oxidising acids bring about dehydration 
to caramelin, C4H,,O,,. Weaker solutions hydrolyse and 
dehydrate, producing dextrose, methylfurfuraldehyde, and humic 
acid. 

(4) On oxidation, caramelan tends to yield still more complex 
substances, and in nearly all cases one carbon atom is removed 
per C,, unit. With dilute nitric acid, characteristic nitro-acids 
are formed. Among simpler products, acetaldehyde has been 
recognised. 

(5) Considered together with the products formed by its further 
dehydration, caramelan seems to mark a first step in the process 
of anhydride-formation and condensation which leads from simple 
sugars to such complex substances as cellulose, humus, and 
caramelin. 


CHEMISTRY DEPARTMENT, 
Borover PotytTecunic INSTITUTE, 
Lonpon, S.E. (Received, May 3rd, 1917.} 


LIV.—Action of Acetaldehydeammonta on 
Quinones. 


By PrapHuLtta CHanpra GHosH. 


Tus work was undertaken with the object of preparing organic 
compounds with two quinonoid arrangements in the molecule, and 
hence dyes of good shade, by introducing one or more auxochrome 
groups into them. The special reactivity of benzoquinone is well 
known, so it was thought that it might condense with acetaldehyde 
ammonia in molecular proportions and give rise to an anthracene 
derivative. 


0 CHMe 06 O Oy) 
geen i dit. ie 
a i \Z\ come” 4 
O CHMe Oo O O 
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Ammonia liberated from aldehyde-ammonia might react further 
and form 
O O 
~ ,CHMe, 7x 
/\/ "\7\ 
| 
Ni Ne ae 
NH CHMe WH 


or it might condense as follows to an acridine derivative, 
Oo CHMe O 
oh Te 
\Z NB NZ 
) O 

Japp investigated the action of benzaldehyde and aqueous 
ammonia on quinones (T., 1881, 39, 225; 1882, 41, 157), and 
formulated a somewhat general principle that ortho-quinones are 
diferent in constitution from para-quinones, inasmuch as the 
former condense and the latter do not. The para-quinones in- 
vestigated by him were benzoquinone and a-naphthaquinone. It 
is well known, however, that aqueous ammonia resinifies benzo- 
quinone, so it was thought interesting to ascertain whether any 
conclusion could be drawn as to the constitutional difference 
between the ortho- and para-quinones by means of the aldehyde- 
ammonia reaction. Japp himself tried the action of acetaldehyde- 
ammonia on phenanthraquinone and obtained an amorphous 
product. 

By the condensation of phbenzoquinone and acetaldehyde- 
ammonia, a deep black, crystalline substance of the formula 
C;H;ON has been obtained. This at once excludes the possibility 
of any acridine formation; it may, however, have the constitution 


‘a laa, i: 
\7\e- SY 
O O 


> 


if benzoquinone has reacted in the same way as phenanthra- 
quinone does with benzaldehyde and ammonia. A compound of 
this nature should on oxidation give benzoquinone, whereas on 
oxidation with chromic acid mixture no benzoquinone, but an 
amorphous product, was obtained. There is, however, the third 
Possibility, namely, that the compound may be an anthracene 
derivative. In that case it should have double the empirical 
formula, but the molecular weight of the substance could not be 
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determined on account of its sparing solubility. The molecular 
weight of the nitro-derivative in ethyl alcohol was determined by 
the ebullioscopic method, and corresponded with the formula 
C,,H,.O,N,. The nitro-derivative therefore has the formula I 
and the parent substance the formula II. 


O O 
NO, Ay \Ano,  7Y 


\iN cate SZ 
(I.) 


This formula explains the deep colour of the substance, but no 
known anthracene derivative could be isolated from it. It is, 
however, difficult to explain the yellow colour of the nitro-deriy- 
ative on this assumption. Of course, it can be explained by the 
remarkable conception of the “colour of the secondary order,” 
but the conception is only a very recent one and cannot be said 
to be thoroughly established. It may be that the substance is 
more complex, and what is termed the nitro-derivative is only a 
degradation product, so the constitutional formula suggested is 
only a probable one and remains undecided at present. 

Attempts to prepare the sulphonic acid and other derivatives 
of the substance were unsuccessful. 

With a and B-naphthaquinones no definite product could be 
isolated, but with anthraquinone a colourless compound of the 
formula C,,H,,.O, was obtained, which on treatment with phenyl- 
hydrazine in acetic acid solution gave a hydrazone, 

CigHo(¢-N*-NHPh),. 
It has, therefore, the constitution 


ee 


CHMe CHMe 


id \ A / % 
\/ \/ \/ 
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In this condensation of anthraquinone and acetaldehyde, 
ammonia has probably acted as the condensing agent, and, of 
course, many such cases are known (compare T., 1883, 48, 27 
Annalen, 1894, 281, 25). 

That benzoquinone and anthraquinone condense with acet 
aldehyde-ammonia seems somewhat contrary to Japp’s generalisa- 
tion. They differ in their modes of condensation, as there are 


rea 


—rtast > + ws 


ON QUINONES. 6ll 


reactive hydrogen atoms in benzoquinone but none in anthra- 


quinone. 
Ex PERIMENTAL. 


Condensation of p-Benzoquinone with Acetaldehyde-ammonia. 


A nitrobenzene solution of 4°32 grams of p-benzoquinone and 
244 grams of powdered acetaldehyde-ammonia was heated on the 
oil-bath. There was a sudden solidification at 85—90°. The black 
mass was then collected and washed free from nitrobenzene with 
ether, and finally with hot water and alcohol, to free it from un- 
changed quinone and aldehyde-ammonia. It crystallised from 
nitrobenzene in deep black needles which did not melt at 290°. 
It is insoluble in alcohol, chloroform, benzene, or light petroleum, 
and sparingly soluble in acetic acid, pyridine, or nitrobenzene: 

0°1200 gave 0°3181 CO, and 0°0507 H,O. C=72°3; H=4°69. 

01338 ,, 12°25 cc. Ng at 25° and 761 mm. N=10°46. 

C,H,ON requires C=72°73; H=4'55; N=10°6 per cent. 

When pbenzoquinone and aldehyde-ammonia were condensed 
in the proportion of 2:1 the same substance was obtained. 

Nitro-derivative—One gram of the finely powdered substance 
was added gradually to 15 c.c. of nitric acid (D 1°45) without 
allowing the temperature to rise. After five hours, water was 
added to the clear solution, when a small quantity of a substance 
was precipitated. This was collected and the filtrate was concen- 
trated under diminished pressure at 37—42°, when yellow crystals 
began to appear which did not melt at 300°: 

0°125 gave 0°2463 CO, and 0°0383 H,O. C=53°80; H=3°41. 

0101 ,, 143 cc. Ng at 28°5° and 759 mm. N=16'l. 

0°625 in 20 c.c. alcohol gave At= +0179. M.W.=347. 

CigH)O,N, requires C=53°93; H=3°37; N=15°87 per cent. 

M.W. =356. 


Action of Acetaldehyde-ammonia on Anthraquinone. 


Anthraquinone (2°08 grams) and acetaldehyde-ammonia (1°22 
grams) were heated in a sealed tube at 220—225° for six hours. 
The product was first washed twice or thrice with cold alcohol to 
free it from resinous matter as far as practicable, and then boiled 
with alcohol. The filtrate, on cooling, deposited colourless, silky 
needles, which when recrystallised from alcohol melted at 281° 
and contained no nitrogen : 

O'1l gave 0°336 CO, and 0°049 H,O. C=83:1; H=4°9. 

C,,H,,0, requires C=83°07; H=4'61 per cent. 

Hydrazone-—To an acetic acid solution of 0°25 gram of the 
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substance 0°216 gram of phenylhydrazine was added, and the soly. 
tion heated on the water-bath for an hour and a-half. Water was 
then added to the solution, and the yellow precipitate was crystal. 
lised from alcohol. The substance did not melt at 300°: 
0°102 gave 11°4 c.c. N, at 30° and 762 mm. N=12°8. 
C3,H.,N, requires N=12°72 per cent. 


In conclusion, I beg to express my best thanks to Dr. E, R. 
Watson for the kind help and encouragement which he has given 
me during the course of this investigation. 


Dacca CoLLEGE LABORATORY, 
Dacca, BENGAL, 
INpIA. [Received, May 25th, 1917. 


LV.—The Conversion of o-Nitroamines into isoOza- 
diazole Oxides, and of o-Nitrosoamines into 
isoOxadiazoles. 

By Artuur G. Green and Frepertck Maurice Rowe. 


In the three previous communications (T., 1912, 101, 2452; 1913, 
108, 897, 2023) it has been shown that many o-nitroamines are 
converted into furoxans (furazan oxides or isooxadiazole oxides) 
when oxidised in alkaline solution with sodium hypochlorite. The 
reaction is undoubtedly a quinonoid one (compare Green and 
Rowe, T., 1913, 103, 508), taking place according to the scheme: 


(NSH, 

. /NO 

uw ‘i 
A\/1\ 

|. | O 
LAW 
In order further to test the generality of this reaction, the 


behaviour of o-nitroamines of the naphthalene series has been 


investigated. 
The following nitronaphthylamines were submitted to the 


sodium hypochlorite oxidation: 
NH, NO, NO, NH, NH, 
/\/\NO, a4.’ a2 (YY NNO. 
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It was found that the same oxidation product is formed both 
from 2-nitro-l-naphthylamine and from 1-nitro-2-naphthylamine, 
namely, naphthafuroxan or naphthisooxadiazole oxide, melting at 
127° (identical with the “ B-naphthaquinonedioxime peroxide” of 
Forster and Fierz, T., 1907, 91, 1942, obtained by heating either 
g-nitro-l-naphthylazoimide or 1-nitro-2-naphthylazoimide, and also 
identical with Koreff and Ilinski’s “1: 2-dinitrosonaphthalene,” 
formed by oxidation of B-naphthaquinonedioxime). Both prepara- 
tions of naphthafuroxan are reduced by hydroxylamine to 
§-naphthaquinonedioxime, which is readily converted into naphtha- 
furazan melting at 78°. This result, coupled with our former 
observations in the benzene series, and with those of Forster and 
Fierz (Joc. cit.) and Forster and Barker (T., 1913, 103, 1918), 
place beyond doubt the symmetrical structure of these compounds. 
Angeli (Atti R. Accad. Lincet, 1916, [v], 25, ii, 7; Gazzetta, 1916, 
46, ii, 300) also confirms the symmetrical structure advanced by ~ 
us, and simultaneously by Forster and Barker, from results which 
he has obtained in the fatty series by the action of Grignard’s 
reagent on the peroxide of diphenylglyoxime and anisylmethy]l- 
glyoxime. ; 

8-Nitro-l-naphthylamine, when subjected to hypochlorite oxida- 
tion, did not yield a furoxan. Forster and Fierz also failed to 
obtain a peri-ccompound by heating the corresponding nitroazo- 
imide. This difference between peri- and ortho-compounds is 
similar to that observed in the quinone formation, and, taken in 
conjunction with the well-known tendency of peri-compounds to 
ting condensation, lends further support to the view that the 
reaction is a quinonoid one. 

With regard to 2:4-dinitronaphthylamine, it was thought 
possible that this would behave in an analogous manner to 
2:4-dinitroaniline. It was found, in fact, that oxidation, either 
in suspension or in alcoholic solution, at the ordinary temperature 
or when cooled in ice, resulted in disruption of the ring, accom- 
panied by a strong odour of chloropicrin, and nothing could be 
isolated from the solution. 

This further bears out our previous observations that the amino-, 
acetylamino-, azo-, sulphonic, and nitro-groups (except in the case 
of dinitroaniline in alcoholic solution), when occupying the para- 
position with respect to the amino-group in a ring-substituted 
onitroamine, renders the ring unstable to hypochlorite oxidation. 
This instability is even more pronounced in the naphthalene series 
than in the benzene series. 

The behaviour of o-nitrosoamines when oxidised with sodium 
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hypochlorite was next studied with the object of throwing further 
light on the mechanism of the formation of furoxans. 

Ilinski (Ber., 1886, 19, 347) obtained the “anhydride of 
o-naphthalenedioxime” (naphthafurazan) by the oxidation of 
a-nitroso-8-naphthylamine in alkaline solution with potassium 
ferricyanide. This product was identical with that obtained by 
Harden (Annalen, 1889, 255, 156) by a similar oxidation of 
8-nitroso-a-naphthylamine. 

We have found that on oxidation with hypochlorite, both 
a-nitroso-8-naphthylamine and £-nitroso-a-naphthylamine are 
similarly converted into the same naphthafurazan: 


NOH NH 
AS i PSs 
» =NH , /\/ “NOH _, 
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In order to establish the generality of this reaction and its 
analogy to the hypochlorite oxidation of o-nitroamines, we have 
endeavoured to extend it to the benzene series. A difficulty, how- 
ever, arises here from the fact that benzenoid o-nitrosoamines are 
not readily obtainable and have only been described in one or two 
cases, of which only one, namely, o-nitrosoacetanilide, was suitable 
for our purpose. This compound was prepared in a yield of 30 to 
50 per cent. by Brand and Stohr (Ber., 1906, 39, 4064) by the 
cathodic reduction of o-nitroacetanilide in neutral solution followed 
by oxidation of the hydroxylamine formed with silver nitrate, 
copper sulphate, or ferric chloride in the presence of sodium 
acetate. 

We have obtained it more conveniently by employing a modif- 
cation of this method, in which o-nitroacetanilide in aqueous 
suspension is reduced with zinc dust and ammonium chloride, 
followed by oxidation of the solution of o0-acetylaminophenyl 
hydroxylamine with ferric chloride in the presence of sodium 
acetate. Attempts to prepare o-nitrosoaniline from o-nitrose- 
acetanilide met with no success, this being in agreement with 
Brand and Stohr’s observations, for even boiling with dilute 
alcohol converts o-nitrosoacetanilide into 2 :2/-azoxyacetanilide. 
We also failed to obtain o-nitrosoaniline by subjecting o-nitro 
aniline to reduction and oxidation in a similar manner to the 
above. The product separates in dull red, crystalline needles, 
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which proved to be the acetate of a base melting above 310°, the 
constitution of which was not determined. In the absence of 
pnitrosoaniline, we have subjected o-nitrosoacetanilide to hypo- 
chlorite oxidation in alkaline solution in the expectation that 
hydrolysis of the acetyl group and oxidation would occur simul- 
taneously. This was found to be the case, and a quantitative 
yield of benzfurazan melting at 55° was obtained. In an 
analogous manner, o-nitroacetanilide was found to be converted 
directly into benzfuroxan by alkaline hypochlorite. 

We next attempted to prepare m-nitrosoaceto-ptoluidide from 
m-nitroaceto-p-toluidide by the same method as that used for the 
preparation of o-nitrosoacetanilide. The solution of 6-acetyl- 
amino-3-tolylhydroxylamine obtained by the reduction of m-nitro- 
aceto-ptoluidide gave, however, no trace of a nitroso-compound 
when oxidised with ferric chloride in the presence of sodium 
acetate. In the absence of sodium acetate, the nitroso-compound 
was obtained in minute quantity, but attempts to isolate it in a 
pure condition failed. In spite of numerous experiments carried 
out under a variety of conditions, only traces of the nitroso-com- 
pound were obtained. By distilling the crude product with 
alkaline sodium hypochlorite in a current of steam, the tolufurazan 
melting at 37° was obtained in small quantity. This reaction, in 
fact, affords a convenient test for the presence of an o-nitrosoamine 
or its acetyl derivative in a mixture. Similarly to o-nitro- 
acetanilide, m-nitroaceto-p-toluidide when warmed with alkaline 
sodium hypochlorite is converted into tolufuroxan melting at 97°. 

Other attempts to prepare a derivative of m-nitroso-p-toluidide 
met with no success. Both aceto-ptoluidide and toluene-4-o-tolyl- 
sulphonamide were subjected to the usual methods of nitrosating, 
but without any action taking place. 

The production of furazans, and not of furoxans (furazan oxides) 
by the sodium hypochlorite oxidation of o-nitrosoamines is in 
agreement with our former observations on the resistance of 
furazans to oxidation (no method is known by which these can be 
converted into the corresponding oxides). Further support is also 
given to our explanation of the course of the reaction by which 
furoxans are formed from o-nitroamines, according to which no 
transference of an oxygen atom from the nitro-group takes place. 
The proof is also afforded that in a nitrosoamine (quinoneimide- 
oxime) the NH,- (or NH) group is more prone to attack by 
alkaline oxidising agents than the nitroso- (or oxime) group. 
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Ex PERIMENTAL. 


Naphthisooradiazole Oxide (Naphthafuroxan, “ B-Naphtha- 
quinonedioxime Peroxide,” or “1: 2-Dinitrosonaphthalene”), 


(1) Preparation from 1-Nitro-B-naphthylamine—This base was 
prepared according to the methods of Liebermann and Jacobsen 
(Annalen, 1882, 211, 45) and Meldola (T., 1885, 47,520). Aceto- 
B-naphthalide (m. p. 132°) was nitrated in acetic acid solution, 
‘followed by hydrolysis of the product with sulphuric acid. When 
crystallised from dilute alcohol, it was obtained in orange needles 
melting at 124°. The oxidation is best effected by the addition 
of alkaline sodium hypochlorite to a warm alcoholic solution of 
the nitronaphthylamine until an excess of hypochlorite is shown 
by starch iodide paper. The mixture is cooled, diluted with 
water, the pale yellow precipitate collected, and distilled in a 
current of steam. When crystallised from alcohol, naphtha- 
furoxan forms colourless needles melting at 127°, as stated by 
Koreff, [linski, and Forster and Fierz. 

The compound has the peculiar pungent odour characteristic of 
the furoxans. Almost a theoretical yield was obtained. (Found, 
N=14°92. Cale., N=15-05 per cent.) 

(2) Preparation from 2-Nitro-a-naphthylamine—This base was 
obtained by Lellmann and Remy’s method (Ber., 1886, 19, 797; 
1887, 20, 892). Aceto-a-naphthalide (m. p. 158°) was nitrated in 
acetic acid solution. The crystaliine double compound of 2-nitro- 
and 4-nitro-aceto-a-naphthalide (m. p. 171°) was partly hydrolysed 
with potassium hydroxide, and the 4-nitro-a-naphthylamine 
removed with sulphuric acid. The 2-nitroaceto-a-naphthalide 
(m. p. 199°) was hydrolysed with alcoholic hydrochloric acid. 
When crystallised from alcohol, 2-nitro-a-naphthylamine was 
obtained in red needles melting at 144°. 

The oxidation with alkaline sodium hypochlorite was effected in 
alcoholic solution in a similar manner to that employed for the 
isomeric base. In this case, however, the oxidation product 
separates as a brown, tarry mass which is best purified by dis 
tillation in a current of steam and crystallisation from alcohol. 
It formed colourless needles melting at 127°, and was completely 
identical with the preparation from 2-nitro-8-naphthylamine. It 


INTO ISO-OXADIAZOLE OXIDES, ETC. 617 


had the same crystalline form, and mixtures of the two products 
also had the same melting point. A yield of 80 per cent. was 
obtained. (Found, N=14°97. Cale., N=15-05 per cent.) 


NOH 
B-Naphthaquinonedioxime, (Nou. 
wi 

This compound was formed by reduction of the naphthafuroxan 
prepared from either 1-nitro-8-naphthylamine or 2-nitro-a- 
naphthylamine. Reduction does not occur as readily as in the 
benzene series, and requires an excess of hydroxylamine. The 
best results were obtained by dissolving in alcohol and adding at 
least four molecular proportions of hydroxylamine hydrochloride 
in aqueous solution, after which the mixture is-warmed to 50°, 
allowed to remain for some time at that temperature, and then 
rendered alkaline with aqueous sodium hydroxide. The yellowish- 
brown solution is cooled, precipitated with acetic acid, the pro- 
duct redissolved in dilute aqueous sodium hydroxide, the solution 
filtered, and reprecipitated with acetic acid. 

The substance separates from alcoholic solution in small, yellow 
needles melting sharply at 169°. 8Naphthaquinonedioxime is 
converted into naphthafuroxan on melting, and also by the action 
of alkalis or acids. This probably accounts for the various melt- 
ing points which have been given for the compound, namely, Gold- 
schmidt and Schmid, 149° (Ber., 1884, 17, 2067), Brénner, 166° 
(Ber., 1888, 21, 392), Kehrmann and Messinger, 180—181° (Ber., 
1890, 23, 2815). It is interesting to note that whereas the 
o-quinonedioximes of the benzene series are soluble in alkalis with 
a deep blood-red colour, #-naphthaquinonedioxime dissolves in 
alkalis with a yellowish-brown colour. (Found, N=14'97. Calc., 
N=14'89 per cent.) 


Naphthisooxadiazole (Naphthafurazan or “o-Naphthylene- 


rT 

wy 
dioxime Anhydride”’),\ | 
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(1) Preparation from B-Naphthaquinonedioxime.—B-Naphtha- 

quinonedioxime was dissolved in sodium hydroxide and distilled 
in a current of steam. The product forms long, white, silky 
needles which melt at 78°. It is readily volatile with steam and 
possesses the characteristic furazan odour. It is soluble in con- 
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centrated sulphuric acid with a yellow colour, being precipitated 
in an unaltered condition on pouring into water. (Found, 
N=16°32. Cale., N=16°47 per cent.) 

(2) Preparation from a-Nitroso-B-naphthylamine.—The nitroso. 
base was prepared according to Ilinski’s method (Ber., 1884, 17, 
391; 1886, 19, 343), by short heating of nitroso-8-naphthol with 
ammonia at 100°. The product melted at 151°. On addition of 
sodium hypochlorite to a cold alcoholic solution of nitroso 
. naphthylamine, this base is oxidised quantitatively to naphtha- 
furazan, which is immediately thrown out of solution as a white 
precipitate. After distillation in a current of steam, it forms 
long, white, silky needles melting at 78°. (Found, N=1699. 
Cale., N=16°47 per cent.) 

(3) Preparation from B-Nitroso-a-naphthylamine.—The nitroso- 
base was obtained by Ilinski’s method (Ber., 1884, 17, 2590; 1885, 
18, 706), by heating #-nitroso-a-naphthol (m. p. 148°) with 
ammonium chloride, ammonium acetate, and ammonium 
carbonate. 

If B-nitroso-a-naphthylamine is oxidised under conditions similar 
to those used for the isomeric nitroso-base, only a small yield of 
naphthafurazan is obtained, but by using neutral sodium hypo 
chlorite, it is converted almost quantitatively into naphthafurazan. 
After distillation in a current of steam, the product formed long, 
white needles melting at 78°, completely identical with that from 
a-nitroso-8-naphthylamine. It had the same crystalline form, and 
mixtures of the two products had the same melting point. 
(Found, N=16°32. Calce., N=16°47 per cent.) 


/\N 
Benzisooxadiazole (Benzfurazan), | 0 
we 


(1) The preparation of this compound, by distilling an alkalme 
solution of o-benzoquinonedioxime in a current of steam, has 
already been described in our former paper (loc. cit.). 

(2) Preparation from o-Nitrosoacetanilide——The nitroso-com- 
pound was obtained as follows. Twenty-five grams of o-nitro- 
acetanilide were ground to a fine powder and suspended in 
350 c.c. of water in which 13 grams of ammonium chloride had 
been dissolved. Forty grams of zinc dust were then added in 
small quantities at a time, with cooling and vigorous shaking. 
Agitation was continued until all the o-nitroacetamilide had dis 
appeared. On filtration, a clear yellow solution of o-acetyl- 
aminophenylhydroxylamine was obtained. This solution is readily 
oxidised by air to 2:2/-azoxyacetanilide (yellow needles from 
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alcohol, m. p. 185°), which doubtless owes its formation to the 
condensation of o-nitrosoacetanilide with o-acetylaminodiphenyl- 
hydroxylamine. Owing to the extreme ease with which this con- 
densation occurs, it is necessary for its avoidance that the oxidation 
of the o-acetylaminodiphenylhydroxylamine solution should take 
place as rapidly as possible. Further, conditions of alkalinity or 
mineral acidity must be excluded. The solution of o-acetylamino- 
phenylhydroxylamine was therefore filtered from zinc direct into a 
cold solution of three to four molecular proportions of ferric 
chloride containing sufficient sodium acetate to neutralise the 
mineral acid liberated by the oxidation. A green precipitate, con- 
sisting of a mixture of o-nitrosoacetanilide and azoxyacetanilide, 
separated, which was collected and dried. A further quantity could 
be obtained from the filtrate by extraction with ether or benzene. 
The o-nitrosoacetanilide was extracted from the crude product 
by ether, and after two crystallisations from ether was obtained 
in very large, green, rhombic prisms melting at 107°5°. 

It may be conveniently estimated by titration with titanous 
chloride, and was thus found to be 99°75 per cent. (Found, 
N=16°97. Caic., N=17°07 per cent.) 

All attempts to prepare o-nitrosoaniline from o-nitrosoacetanilide 
were unsuccessful. The latter dissolves in cold concentrated 
hydrochloric acid with a deep red colour, which deposits a 
yellowish-brown, crystalline product melting at 258—262°. This 
was not the hydrochloride of o-nitrosoaniline (m. p. 220°). 

The oxidation of o-nitrosoacetanilide with sodium hypochlorite 
was carried out as follows: 

Powdered o-nitrosoacetanilide was covered with a solution of 
sodium hypochlorite made strongly alkaline with sodium hydroxide. 
On warming gently, the o-nitrosoacetanilide dissolved with a deep 
red colour, which was rapidly decolorised, and benzfurazan sepa- 
rated. After distillation in a current of steam, the product 
crystallised from alcohol in long, white needles melting at 55°, 
completely identical with the preparation from o-benzoquinone- 
dioxime. 


5-Methylbenzisoozadiazole (Tolufurazan), CH 
ae 


(1) The preparation of this compound, by distilling an alkaline 
solution of 3:4-toluquinonedioxime in a current of steam, has been 
described in our former paper (loc. cit.). 

(2) m-Nitroaceto-ptoluidide was reduced in aqueous suspension 
with zinc dust and ammonium chloride, as in the previous pre- 
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paration of o-nitrosoacetanilide. The solution of the hydroxyl. 
amine obtained was oxidised with ferric chloride, but in this case 
no sodium acetate was used. The crude oxidation product which 
separated was mixed with sodium hypochlorite, made alkaline with 
sodium hydroxide and distilled in a current of steam. The pro- 
duct crystallised from dilute alcohol in long, white needles melt. 
ing at 37°, completely identical with the former preparation of 
5-methylbenzisooxadiazole. 

About 1 gram was obtained from 80 grams of m-nitroaceto-p 
toluidide. 


Scnoont or TECHNOLOGY, 
MANCHESTER. [Received, June 11th, 1917. 


LV{.—The Phosphates of Calcium. Part IV. 
The Basic Phosphates.* 


By Henry Bassett, jun. 


A DETAILED knowledge of the basic phosphates of calcium is desir- 
able, if only for the reason that they are important constituents 
of the mineral matter of bone and also of the earthy phosphorites 
and coprolites so largely used in the manufacture of superphos- 
phate. 

It is true that one still finds statements in text-books to the 
effect that these substances consist of tricalcium phosphate. This 
is far from being the case, however. Even laboratory preparations 
of so-called tricalcium phosphate vary considerably in composition 
and seldom have the correct CaO,P,0,; ratio. Cameron, Seidell, 
and Bell (7. Amer. Chem. Soc., 1905, 27, 1512), when determining 
the isotherm of the system CaO-P,0;-H,O at 25°, examined the 
region of alkaline and very faintly acid solutions, and concluded 
that no definite compound existed intermediate — between 
CaHPO,,2H,O and Ca(OH),, but only a series of solid solutions. 

Cameron and his co-workers have drawn similar conclusions in 
other cases also, conclusions which always seemed unsound to the 
present author, and have been shown to be incorrect in the case of 
calcium nitrate (Bassett and Taylor, T., 1914, 105, 1926). The 
present communication is the result of experiments which have 
been in progress for a number of years past. A preliminary account 


* The first three parts of this series were published in the Zeitsch. anorg, 
Chem., 1907, 58, 34, 49; 1908, 59, 1. 
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of the conclusions arrived at has already been given (Proc. 7th 
Internat. Congress Applied Chem., 1909, Sec. II., p. 178), but these 
have had to be modified somewhat as the result of further 
experiments. 

EXPERIMENTAL. 


The plan of the investigation is simple enough, being merely a 

phase-rule examination of that portion of the system 
CaO-P,0;-H,O 

lying between the regions where dicalcium phosphate and calcium 

hydroxide respectively are the stable solid phases. The experi- 

mental difficulties encountered have, however, been serious, and 

were chiefly due to the extreme slowness with which equilibrium 

is attained. 

The difficulties were also increased by the necessity of using 
vessels which were unattacked by the solutions employed. 

A great deal of time was consumed by preliminary series of 
experiments designed to determine the approximate nature of the 
slid phases being dealt with and the time required to reach 
equilibrium. Most of the experiments have been carried out at 
25°, the reacting mixtures being contained in cerasin wax bottles, 
which were constantly shaken in a thermostat kept at that tempera- 
ture until it was judged that equilibrium had been attained. Some 
experiments were also made at 100° and in an autoclave at from 
170° to 200°, platinum vessels being employed in these cases. 
In the case of the experiments at 25°, it has been found that, even 
in the most favourable circumstances, at least eighteen months are 
required for equilibrium to be reached. This seems to be due, in 
the main, to the slowness with which a mixture of two solids [for 
example, the compounds Ca(OH), and CaHPO,,2H,O] reacts to 
give the single new solid (for example, CagP,0,), really stable under 
the experimental conditions. The solution seems to adjust itself to 
any single solid when present alone comparatively quickly, even in 
cases where the solid is only very sparingly soluble. It is the reluct- 
ance to form the new compound that delays matters. 

When dealing with sparingly soluble compounds, other compli- 
cations arise. Thus it has been found that basic phosphate mix- 
tures prepared from calcium hydroxide and the compound 
CaH,P,0,,H,O would not reach equilibrium in a reasonable time 
owing, apparently, to some of the former becoming coated over 
with the compound CaHPO,,2H,O or a more insoluble basic phos- 
phate. 

If, on the other hand, milk of lime and phosphoric acid were used 
in making the original mixture, the basic phosphate solid obtained, 
even after shaking for a year or more, was so amorphous and 
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settled so badly that it was almost impossible to separate the 
solution and solid for satisfactory analysis. 

If anhydrous calcium hydrogen phosphate, CaHPO,, was used 
in making the mixtures, it reacted with such extraordinary slow. 
ness that some was nearly always present in the final solid phase 
separated for analysis. 

The only way in which approximately satisfactory results have 
been obtained has been by making up the contents of the solu 
bility bottles with pure lime, pure calcium hydrogen phosphate, 
CaHPO,,2H.0O, and distilled water. The lime was obtained by the 
ignition of pure calcium carbonate, precipitated by ammonium 
carbonate and specially prepared so as to be free from traces of 
iron, magnesium, etc.* The calcium hydrogen phosphate was also 
free from such impurities, and was obtained by precipitation with 
ammonium phosphate of a solution of the pure calcium carbonate 
in hydrochloric acid. The molecular structure of calcium hydrogen 
phosphate, CaHPO,,2H,O, seems to be such that it can take up 
additional lime with very little disturbance to the crystalline form. 
This materially facilitates the attainment of equilibrium, and 
results in the formation of a solid which, although almost certainly 
amorphous, is crystalline in appearance and general properties, 
such as the readiness with which it settles and can be washed. 
In fact, all the basic phosphates prepared in this way appeared 
under the microscope almost exactly like the original crystals of 
calcium hydrogen phosphate, of which they were pseudomorphs, 
and only differed from them in having no action on polarised light. 
They were often still quite clear and transparent, although some 
times a little cloudy. 


Experiments at 25°. 


In the case of the experiments at 25°, solid and solution were 
separated for analysis by filtration in the thermostat approximately 
in the manner indicated in Part III. (Zeitsch. anorg. Chem., 1908, 
59, 12). The solid phase was washed with a small quantity of 
alcohol, then with ether, and left exposed to the air for a short 
time before analysis. In the earlier experiments the loss on igni- 
tion was determined and then the lime and phosphoric oxide on 
the same sample. In later experiments the loss of weight over 
sulphuric acid in an exhausted desiccator was first determined, 
followed by loss on ignition and then estimation of the lime and 
phosphoric oxide. As far as possible, all estimations were made 
on the same weighed quantity of solid in order to economise 
material. 


* The calcium carbonate so prepared contained 0-008 per cent. of chlorine. 


ee es ll lllC 


te the 


used 
slow. 
phase 


have 
Solu- 
hate, 
y the 
ium 
Ss of 
also 


PART Iv. 623 


BASSETT : THE PHOSPHATES OF CALCIUM. 


It was necessary to separate the solid phase in the dry state for 
analysis. Analysis of the wet solids and use of the triangular 
diagram method would have been of little use for fixing the nature 
of the solid phases owing to the extreme dilution of the solutions. 
Owing to the fact that some of the water present in the solids is 
rather loosely held, it is probable that it has been affected by the 
washing with aleohol and ether. Apart from that, however, there 
need be no fear that the composition of the solids has been affected 
by the treatment. Owing to the amorphous character of the solids, 
the percentage of water they contain is relatively unimportant— 
there is no evidence that one is dealing with definite hydrates. In 
all the experiments dealt with in this paper the concentrations of 
the equilibrium solutions are so small that the greatest care had 
to be used in making up the original mixtures in order to get 
points well spaced over the experimental region. The amount of 
total solid employed was usually about 2 grams for 100 c.c. of 
water in each experiment. 

This was sufficient for analysis, etc., whilst it was judged that 
the proportion of solid to solution would be sufficient to keep the 
latter properly saturated without excessively prolonging the time 
required for the complete readjustment of the solid. 

The experimental results are given in tables I and II, and those 
for 25° are also represented graphically. 

There seems little doubt that, in spite of the length of time 
allowed, equilibrium had not been fully attained in many cases. 
It seems as well to discuss the results as they stand, however, for 
more regular results might not be obtained even if a fresh series 
of experiments was started and allowed to run for two years or 
more. The numbers in the first column of table I do not denote 
the order of the experiments, which belong to several series. They 
are merely the order in which the points come on the curve, and 
have only been given for purposes of reference. 

Solids 1, 3, 4, and 6 are clearly CaHPO,,2H,O (P,0;/CaO= 
1'267). From 8 to 17 we have a group of solids characterised by a 
P,0;/CaO ratio, which approximates to the value 0°845 of tri- 
calcium phosphate, and it seems legitimate to conclude that, in 
the main, these solids do actually consist of that compound. That 
the P,O;/CaO ratios are mostly too high probably means that 
there is still a small amount of dicalcium phosphate left in the 
centre of the grains. The time allowed has not been quite suffi- 
cient for complete penetration of the additional lime required for 
complete formation of the tricalcium compound. 

Position 7 probably represents the point at which the curves of 


di- and tri-calcium phosphates intersect. 
co 2 
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Solids 2, 5, and 9 lying on either side of position 7 also appear 
to be mixtures of di- and tri-calcium phosphates, but 7 belongs to 
the latest and most trustworthy series of experiments. 

Solids 18 to 29 have P,O;/CaO ratios which are not very far 
removed from the 0°761 of oxyapatite, (Ca,P,0,),CaO, of which 
they appear to consist. 

Solids 30 to 36 all give the same equilibrium solution, which 
clearly corresponds with the point at which both oxyapatite and 
calcium hydroxide can co-exist. 

Solids 32 to 36 could be seen to be heterogeneous under the 
microscope and to contain pseudomorphs of calcium hydrogen 
phosphate crystals (the oxyapatite) and minute crystals with a 
marked action on polarised light (the calcium hydroxide). 

Point 37 gives the solubility of pure calcium hydroxide at 25°. 

It will be noticed that the region of oxyapatite is fairly exten- 
sive and reaches very nearly to the point representing the solu- 
bility of pure calcium hydroxide. There is no indication whatever 
of the existence of any compound, such as tetracalcium phosphate, 
Ca,P,O,, more basic than oxyapatite. Nor is there any evidence in 
support of compounds intermediate between di- and tri-calcium 
phosphates (compare Buch, Zeitsch. anorg. Chem., 1907, 52, 323). 
The experimental results seem to show pretty clearly that 
Cameron, Seidell, and Bell’s assumption (loc. cit.) of a series of 
solid solutions is erroneous, and the interpretation of the data just 
offered seems adequate and satisfactory. 


The Difficulty with which Water is Driven off from some of the 
Basic Phosphates. 


The analyses of the oxyapatite solids always show a large deficit, 
more than 2 per cent. as a rule. With the exception of one of the 
tricalcium phosphate solids, which shows a deficit of 1°3 per cent., 
the other analyses are generally satisfactory. 

To what is this deficit to be ascribed? It can scarcely be laid 
at the door of the method of analysis, which was the same in all 
cases and was specially tested on pure calcium hydrogen phosphate, 
with which excellent results were obtained. (Found, H,O=26'30; 
CaO = 32°44; P,O,=40°97; total, 99°71 per cent. P,O,/CaO 1°263.) 

The method of analysis adopted as being the quickest and most 
satisfactory was as follows. The loss on ignition was determined 
after ten minutes’ ignition in a platinum crucible over the blow- 
pipe. The ignited solid was dissolved in hydrochloric acid and the 
solution digested for from two to four hours before precipitating 
the calcium as oxalate; this was to hydrolyse any phosphate, other 
than orthophosphate, which might be present in the ignited solid. 
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The calcium oxalate precipitate, after filtering and washing, was 


a 
<a dissolved in hot dilute sulphuric acid and titrated with standard 
rmanganate. The phosphoric acid was determined in the calcium 
ry far oxalate filtrate, being weighed as Mg,P.0, after double precipita- 
which tion as Magnesium ammonium phosphate. 
Although specially purified materials had been used in preparing 
which the oxyapatite solids, the latter were examined for possible impuri- 


ties, but for the most part with negative results. Alkali metals, in 
rticular, were found to be absent. 

Most of the basic phosphate solids were found to contain small 
amounts of carbon dioxide. The absorption of traces of this is 
almost unavoidable when the mixtures are being made up, but the 
large amounts found in some of the solids had certainly been 
absorbed during storage subsequent to separation from the equili- 
brium solutions. 


‘ten- 

a It is only latterly that carbon dioxide in the solids has been 
ver determined and in many cases in solids which had been kept for 
ate, sme time. In such cases the whole analysis was repeated, so that 
in the figures for lime, etc., given in the tables were obtained at the 
um same date as those for carbon dioxide. It is known that many 
3). of the solids showing considerable amounts of carbon dioxide origin- 
at ally contained no more than traces. This applies especially to 
of slids 30 and 32 to 36, which had been kept in corked tubes for 
st two and a-half years before the carbon dioxide was determined. 


In determining the carbon dioxide the solids were dissolved in 
concentrated phosphoric acid (1 part of syrupy acid to 1 part 
of water). The carbon dioxide evolved was carried by a slow 
current of air free from that gas through a sulphuric acid drying 
tube into a weighed potash bulb. Gentle heating facilitated solu- 
tion of the calcium phosphate and also complete expulsion of the 
carbon dioxide. 

Most of the carbon dioxide is driven off by strong ignition of the 
slid phosphate, and probably in many cases it is expelled com- 
pletely. Solid 29 before ignition contained CO,=0°67 per cent. ; 
after fifteen minutes’ ignition over the blow-pipe there was still 
carbon dioxide present, which amounted to 0°16 per cent. of the 
original solid. 

The total water lost on ignition (column 5 in table I) has been 
obtained from the total loss on ignition by deducting the carbon 
dioxide found by the method indicated above. 

With the exception of one metal found in traces in some of the 
solids, and considered later, no other impurities could be found in 
the basic phosphate solids. The analytical deficit is therefore still 


unaccounted for, and the only explanation appears to be that it 
c o* 
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is due to water held so firmly that it is not driven off even by very 
strong ignition. Ignition for several hours in the muffle did not 
expel it. Attempts to estimate this water directly by fusion with 
lead oxide have not so far been successful, although they have 
given indications that it is really present. Further experiments 
on this point will have to be postponed. 

It is well known that certain silicate minerals contain water 
which cannot be expelled by simple ignition, but only after com. 
plete destruction of the molecule, as by fusion with lead oxide 
(see Classen, “ Ausgewahlte Methoden der analytischen Chemie,” 
1903, Vol. II., p. 629). Such water is usually called “ water of 
constitution,” and, in the case of silicates, is regarded as being 
associated with the silicic acid. It seems quite likely that some 
of the water in a compound like oxyapatite may be combined in 
a similar manner. 

It may be mentioned that, according. to Gabriel (Zeitsch. 
physiol. Chem., 1894, 18, 257), there is more than 1 per cent. of 
water in bone phosphate which is not driven off on ignition. He 
states that it can be expelled by strong ignition with silica. Van 
Bemmelen (Zeitsch. anorg. Chem., 1897, 15, 90) found some 
similarly combined water in fossil bone. 


The Pink Colour of some of the Ignited Phosphates. 


The oxyapatite solids were also peculiar in another respect. The 
ignited solids nearly always had a pink colour. This varied in 
intensity with different solids, and in some cases was only very 
faint. It was generally deepest near the bottom of the crucible, 
where the temperature would be highest. .Very often, too, it was 
inclined to be patchy and deeper in some portions than others of 
the ignited solid. The colour was obtained whether the ignition 
was carried out in a platinum or a porcelain crucible, but only 
with the solids approximating to oxyapatite in composition. It 
was a long time before the cause of this pink colour was discovered. 

Gabriel (loc. cit.) noticed a similar pink colour in bone ash 
after strong ignition, but was not able to discover the cause. He 
was unable to confirm a statement of Cossa (Atti R. Accad. Lincel, 
1878, 3, 17; Gazzetta, 1879, 9, 118) that traces of ceria earths are 
present in bone ash. Neither could he impart a pink colour to 
pure calcium phosphate by addition of cerium salts or of 
manganese salts. 

The present author has also examined bone ash for rare earths 
with entirely negative results. None could be obtained from 4 
kilogram of bone ash. 
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The clue to the cause of the pink colour was finally given by 
the solid from one of the autoclave experiments (Expt. 12, 
table II). During the analysis of this it was noticed that after 
ignition the pink colour was particularly deep at certain spots on 
the top of the solid, as though due to specks fallen from the lid of 
the autoclave. The hydrochloric acid solution of the ignited solid 
was nearly neutralised with ammonia and then saturated with 
hydrogen sulphide. This caused a slight darkening, but no visible 
precipitate. However, on digestion over a small flame, the few flocks 
of sulphur which separated were blackish. They were collected 
and ignited in a clean porcelain crucible. Less than 0°0001 gram 
of residue remained (this was from 0°2346 gram of original solid), 
but on treating it with a drop of dilute nitric acid and then one 
of ammonia (D 0°880), a blue colour was obtained, showing that 
copper was certainly present. On warming over a very small 
flame, a pale green tinge was seen on the white porcelain when 
dryness was reached. There can be no doubt that the pink colour 
after ignition of the oxyapatite solids is due to some impurity, for 
its intensity varies a good deal with different preparations. In the 
case of one series of experiments (30 to 36 and 27), the ignited 
solids were white. 

That the pink colour is probably due to traces of copper in all 
cases was confirmed by the following experiments: 

(2) Some of solid 30 (which, ignited by itself, remains quite 
white) was moistened with a very dilute solution of copper nitrate 
dried, and ignited over the Bunsen burner. A pale pink colour 
had developed, which, after ten minutes’ ignition over the blow- 
pipe, became very much deeper—much deeper than the pink colour 
given by any of the untreated basic phosphate solids, but of the 
same character. 

(b) One of the autoclave solids with P,O;/CaO ratio 0°859 
(Expt. 9, table II) was similarly ignited after moistening with 
dilute copper nitrate solution, but was quite white afterwards. 

(c) Some of the pure calcium carbonate used in the basic phos- 
phate experiments was similarly treated, but in no case was any 
pink colour obtained. If only a very small trace of copper nitrate 
was used, the ignited lime was white, but with more copper salt it 
had a grey colour. . 

It seems fair to conclude from these results not only that the 
pink colour of the ignited oxyapatite solids (and also of strongly 
ignited bone ash) is due to traces of copper, but also that the 
presence of the oxyapatite compound is actually necessary for the 
development of the pink colour. It would seem, indeed, that the 


development of a pink colour on igniting a calcium phosphate 
c of 2 
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with a trace of copper nitrate might be regarded as a specific test 
for the presence of oxyapatite. 

It is worth noting that the constant presence of traces of copper 
in animal tissues has been shown by several investigators (Bergeron 
and L'Héte, Compt. rend., 1875, 80, 268; Raoult and Breton 
ibid., 1877, 85, 40). 

It may be pointed out that the pink colour after strong ignition 
was very faint both in the case of the bone phosphate used in the 
experiments described on p. 640 and the ox bone from which it 
was prepared. Some ox bone (rib) recently examined also had 
only a very pale pink colour after strong ignition, not nearly so 
marked as that obtained with many of the synthetic basic phos 
phates. 

The author understands that the ash of hops, malt, etc., often 
has a slight pink colour which has been shown to be due to the 


presence of traces of copper, and possibly other similar cases are 
on record. 


Experiments at 100° and Higher Temperatures. 


These were carried out in the hope of obtaining results more 
rapidly and with less difficulty. 

In the experiments at 100°, the solutions were gently boiled in 
a platinum flask (100 c.c. capacity) provided with a long neck, 
around which a small condenser was fitted. Entrance of carbon 
dioxide was prevented by a small soda-lime tube. 

The solutions, being all very dilute, boiled practically at 100°, 
and this method of operating kept the solutions at a constant 
temperature (the metal flask prevents superheating) and also kept 
solid and solution well mixed. It was found that at least four 
weeks’ boiling was necessary for the attainment of approximate 
equilibrium (with about 2 grams of solid and 95 c.c. of solution 
present). Satisfactory results were only obtained, as at. 25°, when 
the initial mixtures were prepared from calcium hydrogen phos 
phate, CaHPO,,2H,0, lime, and water. Expt. 5, table II, was car- 
ried out in the following special way, which is possible at 100° owing 
to the reaction being more rapid at the higher temperature. Al 
though distinctly troublesome, it has advantages, and results can be 
obtained more quickly than when all the lime is added at the 
beginning. 

A mixture of 1°72 grams of calcium hydrogen phosphate, 
0°28 gram of lime, and 25 c.c. of water was boiled for twenty-four 
hours in the platinum flask. The solution was then acid, and a 
solution of 0°1 gram of lime in 100 c.c. of water was added m 
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portions of 10 c.c. at a time at intervals of twenty-four hours. In 
this way the solution was kept slightly acid after each addition. 
After the ninth addition it was practically neutral. Then 7 c.c. 
more of the lime solution were added (93°3 c.c. theoretically needed 
to form oxyapatite), and the contents of the flask boiled for another 
two weeks before filtration and analysis. The boiling was con- 
tinuous during the twenty-five days the experiment lasted, some 
water being allowed to boil away occasionally, so that the total 
volume of solution was about 90 c.c. by the time all the lime had 
been added. 

The solids used in experiments 10 and 26 of table I had also 
been prepared at 100° in the manner just described. 

The experiments at higher temperatures than 100° were carried 
out by heating suitable mixtures in a large platinum crucible in 
an autoclave to temperatures ranging from 170° to 240°. The 
total time of heating varied in different experiments from twenty- 
three to ninety-seven hours. It was not found possible to obtain 
an autoclave which did not lose water rapidly at these high 
temperatures, and the constant pumping in of more water, which 
was necessary, prevented a very steady temperature being main- 
tained. The heating was carried out in the day time and stopped 
at night. Every morning, before restarting, the autoclave was 
opened and the contents of the crucible well stirred, any loss by 
evaporation also being made good. Solid and solution were 
eventually separated and analysed. Since the filtration had to be 
done at the ordinary temperature, it cannot be claimed that the 
results obtained strictly correspond with the equilibrium solutions 
at the autoclave temperatures. Moreover, the amount of solution 
available for analysis (from 6 to 14 c.c. in different experiments) 
was very small considering the dilution. 

The autoclave solids consisted, in the main, of very fine, crystal- 
line material (apparently tiny prisms). In most cases some ghosts 
of CaHPO,,2H,O crystals were present, and sometimes crystals 
(possibly pseudomorphs) of CaHPO,. Solid 1 contained some 
perfectly fresh CaHPO, crystals. 

The results obtained in the experiments at 100° and higher 
temperatures are given in table II. They serve at least to show 
that conditions at these higher temperatures are very similar to 
those prevailing at 25°, and they support the conclusions drawn 
from the more numerous results at the lower temperature. 


The Graph Representing the Results at 25°. 
Consideration of the curve reveals several interesting features. 
In the first place, it would appear that the breaks in the curve 
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corresponding with the transition from di- to tri-calcium phos. 
phate and to oxyapatite are not at all marked. From this jt 
follows that, even at a considerable distance from the transition 
point, there will be relatively little difference in the stability of 
the stable and the unstable form. This will help to explain the 
great slowness with which the changes dealt with in this paper 
take place. Note in this connexion the persistence of the oxy- 
apatite in Expt. 10 (table I). A second very important point to 
note is that, of all the phosphates of calcium, oxyapatite is the 
only one that is not decomposed by water. It can dissolve un. 
changed in pure water, although the saturated solution so obtained 


Basic calcium phosphate isotherm at 25°. 
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would be extremely dilute, the point on the curve corresponding 
with it probably falling very near to the origin of co-ordinates. 
The dotted line in the figure corresponds with solutions in which 
the ratio P,O; per cent./CaO per cent. has the same value (0°761). 
as it has for oxyapatite itself, and, as is evident, it cuts the oxy- 
apatite solubility curve. If similar lines are drawn for tri-, di-, 
or mono-calcium phosphates, it is found that in no case do they 
cut the corresponding solubility curve. Those three compounds 
are all decomposed by pure water. 

In this connexion, it is worth referring to a paper by Warring- 
ton (Journ. Chem. Soc., 1873, 26, 983), in which it was shown that 
by repeatedly extracting tricalcium phosphate with boiling water, 
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a product was finally obtained which on analysis gave figures very 
near to those of hydroxyapatite. More recent work of Buch 
(Zeitsch. anorg. Chem., 1907, 52, 323) on the decomposition of 
dicalcium phosphate by water also appears to indicate that 
oxy- (or hydroxy-) apatite is the final product of such decomposi- 
tion, although most of his experiments stopped short of that point. 

Another interesting feature of the oxyapatite solubility curve 
is that it extends from markedly acid, through neutral, to 
markedly alkaline regions. Oxyapatite is the only calcium phos- 
phate that can exist in stable equilibrium under such varied con- 
ditions. The region of acidity which it covers is of very great 
practical importance. 


The Acid from which Hydroxyapatite is Derived. 


It seems possible from the extreme slowness with which tri- 
calcium phosphate is formed as compared with the dicalcium com- 
pound that the molecule is really a polymeride of the simple 
Ca,P,0,. The compound Ca;P,0, is usually considered a 
“normal” salt, whilst oxyapatite would be called a “ basic” 
salt. Nevertheless, there is a remarkable similarity between 
the two compounds, both as regards the difficulty and slow- 
ness of their formation and as regards their general properties. 
This would suggest that the difference between acid, normal, and 
basic salts is not necessarily of the kind generally assumed. The 
usual view seems to be that in a “basic” salt, the part of the base 
over and above that required to form what is considered to be 
the “normal” salt plays a different réle in the molecule from that 
played by the rest of the base. This is brought out by the method 
of formulation—(Ca,P,0,),CaO—which is customary, but which 
the author thinks is not good. He would suggest that oxy- (or 
hydroxy-) apatite, and possibly even tricalcium phosphate, are 
related to mono- and di-calcium phosphate rather in the same way 
that an orthophosphate is related to a pyrophosphate. Hydroxy- 
apatite may well be a salt of an acid, H,,;P;0,, in which one acidic 
hydrogen is still unneutralisea. The remarkable difficulty with 
which some of the water in these preparations is expelled seems 
more in keeping with the view that it is directly associated with 
the acid rather than with the base. It would then be comparable 
with the “water of constitution ” of certain silicate minerals which 
is often regarded as being directly associated with the silicic acid. 
The halogen in chloro- and fluoro-apatite would then have to be 
regarded as being directly attached to the phosphorus, and this 
view does not seem impossible, and is strengthened by the exist- 
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ence of compounds such as CaO,2POCI, (Bassett and Taylor, : 
1911, 99, 1402), which appears to be a chloro-derivative of mono. 
calcium phosphate, Ca0,2PO(OH),, usually formulated 4 
CaH,P,0,,H,O. It is perhaps worth noting that if the deficit jn 
the oxyapatite analyses is all due to water, it in some cases 
approximates to the 3°52 per cent. required for a compound, 
(CagP,0;),;Ca(OH),.,H,O. If all the hydrogen in such a compound 
were acidic, the corresponding acid would be H,,P,0,;=3(H,P,0,). 
Now HgP,0, is, of all the phosphoric acids, the one which has the 
greatest range of existence. It is readily obtained in the crystal- 
line condition, and can exist in stable equilibrium with phosphoric 
acid solutions from about —100° to +27° It has always seemed 
to the present author that more than six of these eight hydrogen 
atoms should be replaceable by metals. No evidence has been 
obtained in the present investigation that all of them can be 
replaced by calcium—in the presence of water, that is to say— 
although at first experiments seemed to indicate that; but may 
it not be that the “oxyapatite” solids are really derived directly 
in this way from H,P,O,? 

When considering the tenacity with which some of the water 
is held in the hydroxyapatite preparations, it must, of course, be 
borne in mind that this may be partly due to adsorption effects. 
The preparations are probably amorphous, and amorphous con- 
pounds sometimes retain water with great persistence. It is not 
thought that such an explanation will suffice in the present case, 
but its possibility undoubtedly complicates the problem. 


The Nature of Bone Phosphate. 


Blood serum and animal tissues in general have a very nearly 
neutral reaction. The conditions under which bone is deposited 
are, of course, more complex than those considered experimentally 
during the present investigation. It is deposited from a solution 
containing several metals other than calcium—more particularly 
sodium, potassium, and magnesium; carbonate and chloride are 
also present, so it is not surprising that all of these are found in 
bone. The solubility relationships which hold for the simple 
system CaO-P,O,-H,0 will undoubtedly be modified to some extent 
by the presence of additional salts, but there is reason to think 
that conditions in the complex system—“ bone—fluid from which 
it is deposited ’”’—will be very similar to those in the simple system. 

As hydroxyapatite is the stable phase at the degree of acidity 
characteristic of animal tissues, it is to be expected that it is the 
essential constituent of bone phosphate. However, it is not by 
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any means easy to say definitely that it is. In particular, it is 
dificult to say in what form the carbonate is present. 

Several papers have been published claiming the existence of 
minerals (“ dahllite,” ‘“ podolite,” etc.) of the calcium apatite group 
with the halogen partly or entirely replaced by carbonic acid 
(Brégger and Backstrom, Zeitsch. Kryst. Min., 1890, 17, 426; 
from Ofv. Vet. Akad. férh., 1888, 493; Schwantke, Centr. Min., 
1905, 641; Tschirwinsky, ibid., 1907, 279; Schaller, Amer. J. Sci., 
1910, [iv], 30, 309; Rogers, ibid., 1912, [iv], 38, 475). Whilst 
the evidence brought forward in these papers is perhaps not quite 
as satisfactory as could be wished, it does seem to indicate the 
possible existence of such carbonate-apatites. 

Several papers deal with the question of bone carbonate. 
Gabriel (Joc. cit.), Alby (J. pr. Chem., 1872, [ii], 5, 308, also Ber., 
1874, 7, 555), and Gassmann (Zeitsch. physiol. Chem., 1910, 70, 
161) have suggested that the carbonate present in bone is com- 
bined with the phosphate, but so far no very satisfactory con- 
clusions have been reached on this point. A number of Gabriel’s 
analyses of bone phosphate prepared by his method (digestion of 
dry powdered bone with a glycerol solution of potassium hydroxide 
at 180—200°) are given in the following table: 

Ox teeth B. 


__—_—_[_—_ 
Human Goose Ox Ox Rest of 
Per cent. of bone. bone. teeth A. Enamel. teeth. 


51-01 51-28 50-70 51-98 

1-27 1-05 1-52 0-53 

, 0-19 0-18 0-20 0-20 

Na,O ° 1-11 1-09 1-16 1-10 
Waterofcrystallisation  2- 3-05 2-33 2-21 1-80 
, 38-19 37-46 38-88 39-70 

4-11 5-06 4-09 3-23 

0-06 0-04 0-05 0-21 


1-07 1-37 1-27 1-17 
100-06 99-86 100-14 99-92 


* This was obtained by strong ignition with silica. 


Gabriel states that the potash present has not been derived from 
the potassium hydroxide used in the preparation, and that the 
composition of ordinary ignited bone ash is practically identical 
with that of the “glycerol ash” if calculated to the same carbon 
dioxide and water content. The glycerol method undoubtedly 
gives a very good product. It is a white powder showing the 
structure of the original bone and almost entirely free from organic 
matter. Gabriel noticed that on heating the “glycerol ash” over 
a small flame in a platinum crucible, carbon dioxide began to be 
evolved even when the bottom of the crucible was not red hot. 
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This led him to suppose that the carbon dioxide was present, not 
as calcium carbonate or magnesium carbonate, but as a phosphate. 
carbonate. 

In the table on p. 639 are set out some figures derived from 
Gabriel’s analyses which seem helpful in arriving at a decision as 
to the probable nature of bone phosphate. The “total equivalent 
CaO” is the actual amount of lime plus that equivalent to the 
small amounts of soda, potash, and magnesia also present: 

The several P,O;/CaO ratios in the above table have been caleu- 
lated (a) from the percentage of actual lime in the several samples; 
(6) from the total equivalent lime; (c) from the total equivalent 
lime after deducting lime equivalent to all the carbon dioxide as 
calcium carbonate; (d) from the total equivalent lime after deduct- 
ing lime equivalent to all the carbon dioxide in the form 
of bicarbonate; and (e) from the total equivalent lime on the 
assumption that. all magnesia, soda, and potash are present as 
bicarbonate and the rest of the carbon dioxide as calcium 
carbonate. 

The traces of chlorine present have been ignored in making the 
calculations. They are so small in amount that they would make 
no appreciable difference to the results. 

After considering all the available evidence, it seems to the 
present author that the following is the most reasonable assump- 
tion to make as to the nature of bone phosphate: ‘The mineral 
constituents of bone consist in the main of hydroxyapatite, 
(Ca,P,0,),Ca(OH),, mixed with a certain amount of calcium 
carbonate. In addition to these chief constituents, there are also 
small amounts of the bicarbonates of magnesium, sodium, and 
potassium, which appear to be merely adsorbed by the phosphate, 
carbonate aggregate. The small amount of chloride also present 
is probably also adsorbed in the form of sodium chloride, although 
it may be present as chloroapatite.” 

The work described in the present paper seems to show that 
hydroxyapatite is the only calcium phosphate which could possibly 
be stable under the conditions of bone formation, whilst the con- 
ditions also make it practically certain that calcium carbonate 
could be deposited simultaneously with the hydroxyapatite. The 
finély divided, possibly amorphous, character of the phosphate, 
carbonate aggregate makes it certain that it will adsorb, not only 
water, but also some soluble salts from the fluids which bathe it, 
and it seems probable that the presence of small amounts of 
magnesia, soda, and potash is best accounted for in this way. The 
traces of chloride present would probably also be held by adsorp- 
tion. Other possibilities than the one just mentioned are rendered 
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unlikely by the values of the several P,O;/CaO ratios tabulated 
above. 

(a) These ratios would correspond with the case of all the soda, 
potash, and magnesia being present as carbonate or bicarbonate, 
and any remaining carbon dioxide being combined with the 
calcium phosphate. In the case of ox teeth A and B, the ratios 
so obtained are reasonable, but the other values are so basic as to 
suggest the presence of some calcium carbonate as such. As, on 
general grounds also, it is difficult to think that calcium carbonate 
is not formed in all cases, the assumption that a carbonate-apatite 
is formed seems unsatisfactory. 

(5) These ratios correspond with the replacement of a certain 
amount of lime by soda, potash, and magnesia in a complex phos- 
phate, which also contains all the carbon dioxide in combination. 
A phosphate corresponding with such highly basic values is most 
improbable in view of the results of the experiments quoted in 
this paper. 

(c) These values, obtained on the assumption that all the carbon 
dioxide is present as normal carbonate (Na,CO;, K,CO,, MgCO,, 
and CaCQ,), are too acid, whereas 

(dz) The figures obtained if it is assumed that only bicarbonates 
are present are too basic, and, moreover, the presence of any 
calcium bicarbonate is unlikely. 

(e) These ratios correspond with the case which, as already 
indicated, seems most reasonable. The figures are as near the 
value 0°761 for hydroxyapatite as can be expected. 

The ease with which some at least of the carbon dioxide present 
in bone phosphate is expelled by gentle heat is in good agreement 
with the view that bicarbonates of sodium, potassium, and mag- 
nesium are present, whilst the suggestion that these compounds 
are merely adsorbed by the phosphate, carbon aggregate is 
strengthened by the following experiments. 

Some bone phosphate was prepared by Gabriel’s method from 
ox bone (pelvis), from which fat was first removed by shaking 
with ether. Two separate quantities of the bone phosphate were 
shaken with distilled water in cerasin wax bottles in the thermostat 
at 25°. The solutions were separated and analysed after sixteen 
and nineteen months respectively. In each case the solution was 
neutral to litmus paper, but on evaporation in a platinum basin 
gave a strongly alkaline residue which consisted of carbonates of 
calcium, magnesium, sodium, and potassium, with only a mere 
trace of phosphate. Details are as follows: 

Expt. I—Two grams of bone phosphate and 100 c.c. of distilled 
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water were shaken at 25° for sixteen months. At the end of this 
time the solution was found to contain: 


CaO =0°00326 per cent. 

MgO=0°00288 se" 
and (Na,O+K,O) equivalent to CaO=0°00176 per cent. 

The two alkalis were not determined separately, Lut there 
seemed to be a good deal more soda than potash present; 0°0005 
per cent. of phosphoric oxide was also found, but this determina 
tion is not very trustworthy, and possibly no more phosphoric 
oxide was actually present than was found in Expt. II. 

Expt. II.—Six grams of bone phosphate and 85 c.c. of distilled 
water were shaken at 25° for nineteen months. The solution was 
then found to contain: 

CaO =0°00286 per cent. 

MgO =0°00675 ___sée», 

Na,O=0°00743 ___s,, 

K,O =0-00703 __,, 

P,0;, =0°00005 _sé=», 

Were the bone phosphate a single compound or even a simple 
mechanical mixture of compounds, the composition of the equil- 
ibrium solution (and it is probable that sixteen months was long 
enough for equilibrium to be attained) should not be affected so 
greatly by variation in the proportion of solid phase to solution. 
Such behaviour was to be expected, however, if the magnesia, 
soda, and potash were merely adsorbed by the bulk of the solid. 
The variation in the amount of lime present in the two solutions 
is much less, and is such as might easily be due to the different 
amounts of other salts present. 


Calcium Phosphates in the Soil. 


Almost all that has been said in connexion with bone phosphate 
can be applied nearly word for word to the case of phosphates in 
the soil. The range of acidity or alkalinity in most ordinary soils 
comes well within the range over which hydroxyapatite is the 
stable caleium phosphate, and it seems certain that it is the only 
such phosphate that can exist permanently in the soil. Any other 
phosphate added to it will be converted into hydroxyapatite with 
greater or less readiness according to circumstances. It has long 
been recognised that monocalcium phosphate added to the soil in 
superphosphate very quickly ceases to be present as such, although 
it is generally stated to revert to tricalcium phosphate. By add- 
ing the phosphate in the form of superphosphate, the hydroxy- 
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apatite is obtained in a finely divided state, which is important 
owing to its sparing solubility. Finely ground basic slag when 
added to the soil will also be converted fairly quickly into 
hydroxyapatite, whether it contains tetracalcium phosphate, as 
has been suggested, or some other compound possibly more closely 
related to hydroxyapatite. 

It is highly probable that the earthy phosphorites and coprolites 
are impure mixtures of hydroxyapatite and calcium carbonate, 
and it is known that when extremely finely ground they give 
satisfactory results when used directly as fertilisers. 

Under the conditions which have led to the accumulation of 
phosphatic deposits, a certain amount of replacement of the 
hydroxyl of hydroxyapatite by chlorine or fluorine has occurred, 
owing no doubt to the action of saline solutions. Whether this 
also occurs to some extent in normal soils is not easy to say. 


Summary. 


(1) Two, and only two, phosphates of calcium more basic than 
dicalcium phosphate exist which can be in stable equilibrium with 
an aqueous solution at 25° (and probably at any temperature). 

(2) These are tricalcium phosphate, CasP,O,, and _ hydroxy- 
apatite, (CagP,0,),Ca(OH),. 

(3) Cameron, Seidell, and Bell (loc. cit.) are wrong in their 
assumption that only a series of solid solutions exists in this region 
of the system CaO-P,O,-H,0. 

(4) Hydroxyapatite is the stable solid phase over a range of 
acidity of great practical importance, as it can exist in contact 
with faintly acid, neutral, and alkaline solutions. 

(5) The nature of bone phosphate is discussed. It is considered 
to be a mixture of hydroxyapatite and calcium carbonate with 
small amounts of ‘adsorbed bicarbonates of sodium, potassium, and 
magnesium. 

(6) It is probable that hydroxyapatite is the only calcium phos 
phate that can permanently exist under normal soil conditions. 


The platinum flask used in some of the experiments quoted in 
this paper was purchased by a grant made by the Research Fund 
Committee of the Chemical Society, and for this the author wishes 
to express his thanks. 


Untversiry CoLLEGE, 
READING. [Received, June Tth, 1917.] 
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LVII.—** Spark—Lengths” in Various Gases and 
Vapours. 


By Rosert Wricar. 


Tue different factors affecting the phenomenon of electric dis- 
charge through a gas have formed the subject of a large number 
of investigations. The object of these investigations was generally 
the determination of the inter-relationship of such factors as 
length and nature of spark, voltage, and gas pressure. They have 
involved a great amount of work and have been spread over a 
long period of time; still, for the most part they have been 
limited to the examination of the discharge through a few well- 
known gases, such as air, oxygen, nitrogen, carbon dioxide, or 
hydrogen. The rather considerable difficulty of the exact deter- 
mination of voltage has prevented the extension of the investiga- 
tion to a larger number of gases. A general survey of the subject 
from the physical point of view will be found in Professor Sir J. J. 
Thomson’s ‘Conduction of Electricity through Gases.” 

The only important attempt to extend these observations to a 
wider chemical field was made a number of years ago by Natterer 
(Ann. Phys. Chem., 1889, [iii], 38, 663), who examined the spark 
discharge through a number of gases and vapours at atmospheric 
pressure, using as a source of current a small induction coil 
actuated by a battery of dichromate cells. The measurements, 
which were carried out in order to determine the length of spark 
obtainable in different gases and vapours for a given potential of 
spark discharge, are open to two serious objections. In the first 
place, the spark used in all cases was the longest which the coil 
would give, and the only attempt made to render the potential 
constant was the frequent renewal of the exciting liquid of the 
driving cells; it is obvious that under such conditions the voltage 
must have varied to a considerable extent. Further, the various 
substances were examined at very different temperatures; gases 
were used at ordinary temperature, whilst vapours were 
examined at temperatures varying between 80° and 271°. More- 
over, the spark gaps used were not all of the same form, some being 
made of simple platinum wires, whilst others were of the more 
usual type with spherical ends. 

The effect of temperature on the spark has been worked out by 
Harris (Phil. Trans., 1834, 124, 230) and Cardani (Rend. Accad. 
Lincei, 1888, 6, 44), both workers arriving at the same result. 
They found that temperature had no effect on the spark provided 
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that the number of molecules per c.c. of the given gas remained 
constant. That is to say, if the spark gap be enclosed in a gas- 
tight vessel, then the voltage required to produce a spark will be 
quite independent of the temperature. If, however, the vessel be 
left open, so that the gas can expand at atmospheric pressure, then 
increase of temperature causes increases of spark length for a 
given voltage. The effect is exactly the same as if the gas con- 
centration had been reduced by lowering the pressure in the 
ordinary way, the temperature remaining constant. In the present 
work a 20 mm. gap at 100° was found to correspond with 15 mm. 
at 18°, and 20 mm. at 183° with 5 mm. at 18°. 

In the present investigation the vapours of a number of simple 
organic substances have been sparked, the following precautions 
being observed: (a) The form of gap used was the same in each 
case, consisting of two brass spheres 5 mm. in diameter mounted on 
rods of 3 mm. diameter. (+) The temperature was kept the same 
throughout any series of comparisons. (c) A fairly constant 
voltage was arranged for by having an air gap of similar form 
and definite length coupled in parallel with the vapour gap, both 
gaps being at the same temperature. In a measurement the length 
of the vapour gap was adjusted, so that on carefully raising the 
potential it sparked equally with the standard air gap. Thus 
the measurements may be taken as representing the insulating 
powers of the various substances relative to that of air at the 
same temperature and pressure. 

During the first part of the investigation several measurements 
were made by comparing vapours at their boiling points with air 
at the same temperature. This method was abandoned for 
several reasons. In the first place, the heating of the standard 
air gap in the vapour of the boiling liquid necessitated the 
use of the latter in a quantity sufficient to provide a vapour- 
bath for the standard gap, a procedure which was rather expensive 
in the case of several of the substances used. Secondly, it was 
found to be impossible to keep the electrodes of the vapour gap 
free from condensed liquid, so that the spark took place not only 
through the vapour, but also through two layers of liquid of un- 
known thicknesses. This condensation effect was worst when the 
gap was arranged vertically, the upper electrode being then 
covered with a heavy hanging drop, but it was also present when 
a horizontal gap was employed. Finally, since temperature has 
a considerable effect on the voltage required to pass a spark 
across the standard gap, it is evident, by using liquids of different 
boiling points, a considerable variation of potential is introduced 
into the series of measurements. 
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Although it would have been somewhat more convenient to 
have kept the air gap at the ordinary temperature throughout 
the whole of the measurements, while the vapours of any given 
series were heated to a second definite temperature higher than 
the boiling point of the least volatile member, and although by 
such an arrangement the same potential would—within the limits 
of accuracy of the method—be applied to each vapour, still it 
was thought advisable to heat the air gap to the same tempera- 
ture as the vapour, as by so doing we are dealing with the same 
number of gas molecules per unit volume in each case, and so 
obtain better conditions for comparative measurements. Whether 
the air gap is heated or not, it is of the first importance that all 
vapours with which comparative measurements are being made 
should be at the same temperature. 

The standard gap was mounted in a vertical glass tube of 
15 mm. internal diameter surrounded by a vapour jacket. The 
lower electrode passes into a cork at the end of the tube, and 
is kept centred by being threaded through two cork disks which 
fit easily inside the tube, the disks being notched to admit the 
free passage of air. The upper end of the tube is left open and 
is ground flat; the upper electrode is also fitted with cork disks, 
and is held in position by means of a sliding stop which can be 
clamped on to the electrode, and acts against the ground-off end 
of the tube. In order to fix the air gap at a definite length, the 
upper electrode is removed and a small brass cylinder of the 
desired length (2 or 3 cm.) is lowered by means of a thread on 
to the top of the lower electrode; the upper electrode is then 
replaced so that it rests on the top of the cylinder when the stop 
is adjusted against the ground end of the tube and clamped to 
the electrode. The electrode is once more removed, the cylinder 
withdrawn, and the electrode reinserted. This method of adjust- 
ment was found much more convenient than working with a 
cathetometer, as it allows ready and accurate change of gap being 
made during the measurements; moreover, there is considerable 
difficulty in using a cathetometer with a vapour-jacketed tube, as 
the latter is generally covered with drops of condensed liquid 
which render accurate measurement impossible. The lower end of 
the tube surrounding the gap was fitted with a side-piece through 
which filtered air could be driven by means of a foot bellows, the 
object being the sweeping out of ionised air produced by the 
passage of the spark. 

The tube used for the sparking of gases was the same as 
the air gap, except that the upper end was closed with a cork 
and fitted with a sidetube, the gas being led in from above or 
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dectric contact with the outside of the jacket by means of the 
wire through the stopper. The sparking chamber consisted of a 
glass tube of 15 mm. diameter and 10 cm. long. It was closed ai 
its lower end by means of a wood stopper and its upper end was 
jomed to a tube 30 cm. long and of 4 mm. bore, this tube being 
in turn joined to a short length of somewhat wider tubing. The 
lower electrode passed through the cork in the bottom of the 
vessel and made contact with the mercury layer in the vapour 
jacket ; the upper electrode, centred in the usual manner by means 
of a cork disk, passed through the narrow tube, which it almost 
filled, and was held in position at the upper end by means of a 
cork which was slotted down the side to admit of the escape of 
vapour. The entire arrangement was held in the vapour jacket 
by means of a split cork. The form of sparking vessel just 
described was found more suitable than one of more rigid pattern 
with sealed in electrodes; for it is very necessary to be able to 
take the apparatus to pieces to admit of proper cleaning, as many 
of the substances examined decompose under the action of the 
spark, and, moreover, the electrodes require to be polished at 
frequent intervals. 

In carrying out a determination, the standard air gap and the 
vapour gap, together with a second adjustable air gap, are 
arranged in parallel, and all three are connected with an induc- 
tion coil. The third gap serves the purpose of varying the poten- 
tial; it is almost closed at the beginning of an experiment, so 
that, on switching on the coil, sparks only pass across the variable 
gap, and as the electrodes of this gap are moved apart, the poten- 
tial rises until at length a spark passes across one of the other 
gaps. 

The liquid in the two vapour jackets having been heated to 
boiling, a small quantity of the substance under examination is 
placed in the sparking vessel, which is then fixed in position in 
its vapour jacket, care being taken that the lower electrode makes 
contact with the mercury layer at the bottom of the jacket, and 
through it with the induction coil. The liquid in the sparking 
vessel at once begins to boil, and by so doing drives the air out 
of the vessel; in a short time *he liquid will have disappeared, 
leaving the vessel full of dry vapour at the temperature of the 
heating jacket. The coil is now switched on, and the electrodes 
of the adjustable gap—which should be sparking strongly— 
gradually drawn apart until a spark crosses one of the other gaps. 
If the standard gap sparks first, fresh air is blown across it by 
means of a foot bellows, and the vapour gap reduced slightly in 
size, when the process is repeated, until at length both the 
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standard and vapour gaps spark simultaneously. It is advisable 
to begin the measurement with the vapour gap wide open and 
gradually to reduce its size until it just balances with the air 
gap, the reason being that many of the vapours decompose with 
the passage of the first spark, thus necessitating the removal and 
cleaning of the sparking vessel before the measurement can be 
proceeded with. When the two gaps balance, the vapour vessel 
is removed from its jacket and the distance between the elec. 
trodes measured, either using a cathetometer or more simply by 
winding two straight-edged paper slips round the sparking vessel 
so that they form bands, which are then held in position by rubber 
rings; the paper bands are then slipped along the glass tube of 
the sparking vessel until their straight edges lie in the same 
planes as the ends of the electrodes, when it is obvious that the 
distance between the bands is the same as that separating the 
electrodes. After measuring this distance, the sparking vessel is 
cleaned out and a fresh determination proceeded with. 


Table of Relative Spark Lengths in mm. 


Air gap Ajir gap Tempera- 
Substance. ture. 
Methane 100° 
Methyl chloride............. 100 
Methylene chloride 100 
Chloroform f . = 


Methyl bromide 
Methy] iodide 


Ethyl chloride 
Ethyl bromide 
Ethyl iodide 


Methyl alcohol 
Ethyl] alcohol 
tsoPropy] alcohol 
isoButy! alcohol 


Ethyl formate 
Ethyl acetate 
Ethyl propionate 


Carbon dioxide 
Sulphur dioxide 
Carbon disulphide 


VARIOUS GASES AND VAPOURS. 649 


No claim for great accuracy of the results is put forward. Each 
figure tabulated is the mean of several readings, which never 
varied among each other by less than 10 per cent., and some- 
times by a greater amount. Still, it is obvious that for any series 
of comparable substances, increase of molecular weight is accom- 
panied by increase of insulating power, but the method is not 
sufficiently accurate to determine whether the property is a purely 
additive one or not. It should be noted that the spark-lengths 
corresponding with the 20 mm. air gap are seldom exactly two- 
thirds of the values obtained with the 30 mm. standard, and in 
some cases vary greatly from that amount. In other words, the 
curves connecting potential and length of spark for different gases 
may intersect one another. This result was actually obtained in 
the case of carbon dioxide and air (both gases being at the 
ordinary temperature), as will be seen from the following figures, 
which give the spark lengths in centimetres: 

BF sxednsaeemne 1 2 3 4 

Carbon dioxide... 0-5 1 1-6 4-8 5-5 
It will be seen that at low potentials carbon dioxide is a better 
insulator than air, whilst at higher potentials the reverse is the 
case. 

The purification of the substances scarcely requires mention, as 
they are all well-known compounds. Methane and ethane were 
prepared from the respective alkyl iodides, whilst the other sub- 
stances were obtained and purified by the ordinary methods. 

An attempt was also made to measure the spark-length for 
several of the substances in the liquid state. For this purpose, the 
upper electrode was mounted on a micrometer screw, so that the 
spark-length might be measured accurately. The results, how- 
ever, did not prove satisfactory; several of the liquids formed 
electrolytic conductors, possibly on account of impurities derived 
from the electrodes, whilst the few that were measured did not 
yield concordant results. It is scarcely to be expected, however, 
that any simple agreement could exist in the case of liquids, for 
not only has the extra factor of surface tension been introduced, 
but, in addition, the simple relationship between the number of 
molecules and the volume which holds for gases no longer exists. 


8 
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In conclusion, I should like to thank Professor W. B. Morton 
for the interest which he has shown in these measurements. 
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Giascow UNIVERSITY. [Received, June 11th, 1917.] 


TAYLOR: CONSTITUTION OF THE 


LVIII.—Constitution of the Salts of s-Alkylthio. 
carbamides. 


By Joun Taytor. 


Compounps of thiocarbamide with alkyl haloids were first described 
by Claus (Ber., 1874, 7, 236; 1875, 8, 41; Amnalen, 1875, 179, 
145). The work was reviewed and extended by Bernthsen and 
Klinger (Ber., 1878, 11, 492; 1879, 12, 575), who showed that the 
alkyl group was linked to the sulphur atom of thiocarbamide, 
formulating the substance thus, NH,°C(:NH)°S-R,HX; the com. 
pound with benzyl chloride was further examined by E. A. Werner 
(T., 1890, 577, 283). Other investigators have examined the addi- 
tive products of alkyl haloids with substituted thiocarbamides. 

An additive compound of thiocarbamide and ethyl oxalate has 
been described by Nencki (Ber., 1874, '7, 780). 


Werner (/oc. cit.) transformed thiocarbamide benzyl] chloride * to 
Hs, 


sulphate by the use of sulphuric acid, CSN,H,,C;H;-CH,Cl + 
(CSN,H,).(C,;H;*CH,).SO,. He also records the transformation of 
thiocarbamide allyl bromide to sulphate by heating its alcoholic 
solution with silver sulphate, 


CSN,H,C,H;Br 488% (CSN,H,)o(CsH;)S0,. 


Arndt (Annalen, 1911, 384, 331) prepared several salts of 
y-thioureas by combining them with various acids. He, however, 
was content with preparing the salts, and gave no indication of 
their structure: 


NH,°C(:-NH)-SR+HX —> NH,°C(:NH)-SR,HX. 

The present investigation seeks to extend the range of additive 
compounds, to suggest a structure indicating the position of the 
acidic group, and to show that compounds similar to the direct 
additive products may be prepared by indirect means. 

It has now been found that thiocarbamide unites additively with 
alkyl sulphates, nitrates, and thiocyanates. These additive pro 
ducts were obtained by heating together, in alcoholic solution, 
thiocarbamide and a slight excess of the required ester. 

Methyl] esters combined most readily; next in order came benzyl 
esters, and lastly ethyl esters. This order is the same as holds in 
the case of combination of thiocarbamide with the alkyl haloids. 
It is probable that this order corresponds with the order of ease 

* This nomenclature is used instead of the more. cumbrous “the chloride 


of benzyl-y-thiourea”’ or “the additive compound of benzyl chloride with 
thiocarbamide.” 
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of hydrolysis of the esters. In the case of the thiocyanates, it 
certainly corresponds with the order of ease of transformation of 
thiocyanate to thiocarbimide. In conformity with this view, it 
may be added that allyl thiocyanate, the most easily transformed 
of all the thiocyanates, combines completely, in the cold, on long 
contact with thiocarbamide, whilst phenyl thiocyanate, which shows 
no tendency towards transforming to thiocarbimide, gave no 
indication of combination even when boiled with thiocarbamide. 

Substances similar to the additive products may be obtained by 
indirect means; thus the same compound was obtained by (a) com- 
bining benzyl chloride with thiocarbamide, and (b) the action of 
barium chloride on thiocarbamide benzyl sulphate. Compounds 
with methyl thiocyanate and nitrate obtained by these methods 
were also identical. 

Since esters of organic acids failed to combine directly with thio- 
carbamide, advantage was taken of the method of double decom- 
position to obtain them indirectly. Their general sparing solu- 
bility in water served to render their isolation quite easy. For ex- 
ample, thiocarbamide methyl salicylate was precipitated on mixing 
aqueous solutions of sodium salicylate and thiocarbamide methyl 
sulphate. Under no condition that was tried could methyl 
salicylate be made to combine directly with thiocarbamide. 

When direct addition of an ester to thiocarbamide takes place, 
the alkyl group becomes linked to sulphur. The acyl group may 
enter any one of three possible positions: 


ae N 
NE>CS<y NEDCSR XNHODCS®, 
x 
(a.) (b.) (c.) 


which for convenience may be designated (a) sulphonium, 
(5) carbonium, and (c) ammonium compounds. 

These additive products all behave like salts of a strong base. 
All are more or less readily soluble in water. Their solutions are 
neutral to litmus, give picrates on the addition of picric acid, and 
respond to the usual tests for the acidic ion. As a rule, organic 
compounds which have these acid groups directly linked to carbon 
are not at all freely ionised; thus ethyl potassium sulphate, ethyl 
oxalate, and ethyl thiocyanate do not respond to the ordinary tests 
for the acid radicles. This universal and strong ionisation of the 
additive products points to the improbability of the carbonium 
form (b). 

Two observations point to the improbability of the ammonium 
form. First, thiocarbamide benzyl nitrite may be recrystallised 
from boiling water. Compounds which contain a nitrite group 
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directly linked to nitrogen are well known to be unstable. It seem; 
unlikely that the compound NO,*NH,°C(:NH)-S-R_ could be 
stable enough to be recrystallised from boiling water. Secondly, 
solutions of thiocarbamide methyl thiocyanate and of thiocarb- 
amide benzyl thiocyanate, were evaporated repeatedly to dryness, 
and the substances fused without any noticeable change in proper. 
ties. Amine thiocyanates when heated undergo transformation to 
thiocarbamides, NH,Ph:SCN —> NHPh°CS:NH,, NH,SCN > 
NH,°CS-NH,. A compound of the type R-S-C(°NH)-NH,-Sctn 
should yield with ease R-S-C(-NH)-NH-CS-NH,, which, in turn, 
would give hydrogen sulphide to an alkaline solution of a lead 
salt. The thiocyanates mentioned above gave after such treat- 
ment no trace of lead sulphide when heated with an alkaline solv- 
tion of lead acetate. Hence in these products, which were 
obtained either by direct addition or by double decomposition, the 
acidic group does not form an ammonium compound. 

The only remaining possibility is the sulphonium linking. Here 
both alkyl and acyl groups unite directly with sulphur, thus: 
(NH,),CS+RX —> (NH,),C‘SRX. This view of the grouping 
is not opposed to any of the observed facts. 

Sulphonium compounds are well known, and are either well- 
marked bases or salts. Their properties are very similar to those 
of the thiocarbamide additive products. Both are crystalline and 
soluble in water. Their solutions are highly ionised, and hence 
new salts may be prepared by double decomposition, consequently 
there is nothing improbable in the idea that these compounds are 
sulphonium salts. 

Werner (T., 1912, 101, 2184) considers it probable that thio 
carbamide, under the influence of strongly ionised acids, gives an 
ammonium compound, XNH,°C(:NH):S:R. In this connexion, 
interesting observations were made with benzyl additive com- 
pounds, and it seems possible that with these both ammonium and 
sulphonium, forms of compounds with strong acids may exist. Two 
distinct thiocarbamide benzyl sulphates were obtained, one, already 
described by Werner (loc. cit.), by heating together thiocarbamide 
benzyl chloride and sulphuric acid, and the other by heating an 
alcoholic solution of thiocarbamide benzyl chloride with silver 
sulphate. The two forms give identical analytical figures for 
“sulphate,” but show many differences. Werner’s sulphate melts 
at 144—145,* is exceedingly readily soluble in alcohol, and crystal- 
lises from its alcoholic solution in stout rhombs. The compound 
from silver sulphate melts at 180—181°, is sparingly soluble in 
alcohol, and crystallises from this solution in long needles. Each 


* Werner gives 132—133°. 
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nay be transformed into the other, Werner’s to the sulphate of 
higher melting point by boiling with a feebly alkaline substance, 
sich as a trace of sodium phosphate, or even by recrystallising 
from boiling water; the substance of higher melting point to 
Werner’s sulphate, by heating with excess of dilute sulphuric acid. 
Werner's sulphate was also prepared by dissolving benzyl-- 
thiourea in excess of dilute sulphuric acid and by heating thio- 
carbamide sulphate, CSN,H,,H,SO,, with benzyl alcohol. In every 
ease, therefore, free sulphuric acid was present when Werner's 
sulphate was prepared. It seems probable that there are two 
isomeric compounds differing from one another in the point of 
attachment of the acid group, free acid determining the ammonium 
form, whilst feeble alkali determines the sulphonium form, thus: 


This transformation is effected by the use of “strong” acids only. 
Thiocarbamide benzyl acetate was recovered unchanged after 
recrystallisation from acetic acid. Werner also states (loc. cit.) 
that acetic acid has little or no power to change the configuration 
of thiocarbamide. A similar negative result was obtained with 
the thiocyanate and thiocyanic acid. 

The electrical conductivities of equally concentrated aqueous 
solutions of the two forms of thiocarbamide benzyl sulphate were 
compared. At about 1°5 per cent. concentration, the solution of 
the ammonium form, which is the more readily soluble, conducted 
electricity 3°2 times as readily as the second solution. This great 
difference in conductivity points to differences in structure. More- 
over, the ammonium forms melt at a lower temperature than the 
corresponding sulphonium forms. 

There are similarly two modifications of thiocarbamide benzyl 
chloride, namely, a form of higher melting point produced by 
direct combination of the constituents in a non-ionising solvent, 
such as acetone, melting at 174°, and a form of lower melting point 
(148°) produced from the first by twice recrystallising it from 
hydrochloric acid, in which it is sparingly soluble. The trans- 
formation to sulphonium form is less easy than with the sulphate, 
but it may be accomplished by boiling the alcoholic solution with 
sodium phosphate—the aqueous solution is not affected by this 
treatment—and then keeping the resulting crystals in the steam- 
oven for a few hours. 

VOL, OXI. DD 
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Indications of two nitrates were observed. Thus, benzyl-y-thio. 
urea dissolved in nitric acid gave, first, flattened needles melting 
at 118°; the mother liquors from these gave a much smaller crop 
of nearly square plates melting at 92°. Recrystallisation from 
alcohol converted these to the sulphonium form melting at 119°, 

No indications of two thiocyanates were observed. 

The existence of sulphonium and of ammonium forms appears 
to be confined to the benzyl derivatives. The thiocarbamide com- 
pounds of methyl nitrate and of methyl sulphate were recovered 
unchanged after recrystallisation from their respective acids. 

It is noteworthy that when a salt is produced by double decom. 
position, the product is nearly always of sulphonium form, whether 
the original material is sulphonium or ammonium. Thus the pro- 
ducts of double decomposition of “sulphonium” and of 
“ammonium ”’ thiocarbamide benzyl sulphate with barium nitrate 
were identical, melting at 118°. The same sulphate of higher 
melting point was prepared by the interaction of silver sulphate 
and either the “ammonium” or “sulphonium ” forms of thiocarb- 
amide benzyl chloride. 

An interesting isomeride of Nencki’s thiocarbamide ethy] oxalate 
was obtained by heating an alcoholic solution of thiocarbamide 
ethiodide with silver oxalate. Nencki’s product may be regarded 
as a molecular compound of ethyl oxalate with thiocarbamide, 
whilst the new compound may be described as the oxalate of ethyl- 
y-thiourea, (NH,),C°:SEt-CO,*CO,°S-CEt(NH,)., or an ionic com- 
pound of the above-mentioned substances. The differences 
between the two are quite sharp, and are such as would be 
expected between a molecular compound of thiocarbamide with 
non-ionised ethyl oxalate and a highly ionised oxalate of a 
sulphonium base. The former does not yield calcium oxalate 
until after hydrolysis with alkali hydroxide, nor does it give a 
picrate ; the latter readily gives, in aqueous solution, both calcium 
oxalate and a picrate. The former yields metallic sulphide with 
an alkaline solution of a lead salt and with ammoniacal silver 
nitrate. The latter under similar treatment yields metallic 
mercaptide and cyanamide, 


(NH,),*C:SEt-CO,°CO,-S-CEt(NH,), + 8AgNO, + 8NH,-OH= 
2EtSAg + 2Ag,ON, + Ag,(CO,), + 8NH,NO, + 8H,0. 


A sharp difference in fusibility was noted between the two sub- 
stances, Nencki’s melting at 158°, whilst the other melts at 188°. 

This sharp difference in properties between the two oxalates 
serves to indicate the course of the reaction between salts of thio- 
carbamide and other compounds. It was suggested by Dixon and 
Taylor (T., 1916, 109, 1245) that when thiocarbamide hydro 
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chloride reacted with acetaldehyde, it was probable that the acid 
irst migrated from thiocarbamide to acetaldehyde, and that the 
acid compound of the acetaldehyde in turn united with free thio- 
carbamide, but no direct proof could be given. 

It is now found that when the thiocarbamide oxalate is heated 
with ethyl alcohol, Nencki’s compound results. Clearly ethyl 
oxalate is first formed and this afterwards unites with thiocarb- 
amide. Therefore the acid migrates from thiocarbamide to 
alcohol in this case, and presumably to acetaldehyde in the pre- 
ceding case. 

A somewhat similar indication was observed with thiocarbamide 
nitrate. When this compound was heated with methyl alcohol 
or with benzyl alcohol, reduction of the nitric acid occurred 
exactly as if the acid had been heated with alcohol without having 
been freed from nitrous acid by heating with carbamide. It is 
evident that the hold of thiocarbamide for acid is very feeble. 


Ex PERIMENTAL. 
Thiocarbamide and Sul phates. 


Methyl Sulphate——Thiocarbamide and methyl sulphate were 
heated together on a water-bath without any solvent. After a 
few minutes a vigorous reaction took place, which was moderated 
by cooling. The product, a brownish-orange paste, was heated 
with alcohol, when a white powder of microcrystalline needles 
was left undissolved. This powder was readily soluble in water. 
The aqueous solution gave all the reactions for a sulphate. When 
it was heated with sodium hydroxide, methyl mercaptan was 
liberated. Alkaline solution of lead acetate gave a yellow pre- 
cipitate of lead mercaptide, but no lead sulphide. Ammoniacal 
solution of silver nitrate gave at first a white precipitate, which 
on heating turned yellow. Silver mercaptide and silver cyan- 
amide were formed, but no silver sulphide. 

The substance was apparently the sulphate of methyl-y-thio- 
urea, (CSN,H,))Me,SO,. Analysis: 

0°317 gave 0°255 BaSO,. SO,=33°14. 

C,,H,,0,N,,8, requires SO,=33°71 per cent. 

A similar product was obtained by heating thiocarbamide 
sulphate with methyl alcohol. Thiocarbamide was dissolved in 
half its weight of sulphuric acid, and to this was added excess of 
methyl alcohol. After short heating on a water-bath, a yellow, 
amorphous powder formed which was rejected, and the heating of 
the solution continued until no silver sulphide was formed on 
adding ammoniacal silver nitrate solution to a drop of the liquid. 
DD2 
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On cooling, thin plates separated, which behaved in all respects 
like the direct additive product. Each decomposed at 235°. 
Each gave a bright yellow picrate (m. p. 221°) which may be 
recrystallised easily from hot water. 

The latter method of preparing the substance affords a con- 
venient method of producing material as starting point for 
obtaining other derivatives of methyl-+/-thiourea. 

Ethyl Sulphate—This substance reacted with thiocarbamide 
under similar conditions and in just the same way as methy] 
sulphate, except that heating had to be continued for a much 
longer time. 

The sulphate, (CSN,H,),Et,SO,, crystallises in tufts of white 
needles melting and decomposing at 202°. Its picrate melts at 
186°. Analysis: 

0°302 gave 0°226 BaSO,. SO,=30°86. 

C,H,,0,N,8, requires SO,=31'22 per cent. 

An exactly similar product was obtained, but only in small 
yield, by allowing thiocarbamide sulphate and ethyl alcohol to 
remain together in the cold for three or four days. 

Benzyl Sulphate—An alcoholic solution of thiocarbamide 
benzyl chloride was heated on a water-bath for a few hours with 
silver sulphate. The filtrate gave white, silky needles free from 
chloride which melted and decomposed at 180—181°. These were 
somewhat sparingly soluble in alcohol and readily so in water. 
The aqueous solution gave the usual tests for sulphate and for 
y-thiourea. The picrate from this substance melted at 183°, as 
does the picrate from thiocarbamide benzyl chloride described 
by Werner (loc. cit.). 

The same sulphate was obtained when either the “ammonium” 
or “sulphonium” form of thiocarbamide benzyl chloride was 
employed as starting point: 

0°249 gave 0°132 BaSO,. SO,=21°84. 

CigH2,.0,N,8, requires SO,=22°32 per cent. 

The “ammonium” form was obtained when _thiocarbamide 
sulphate was heated with benzyl alcohol on a water-bath for half 
an hour, and the whole allowed to remain for a day. The result- 
ing creamy paste was filtered and the residue crystallised from 
alcohol. The product melted at 143—144°, and agreed in all 
respects with Werner’s sulphate. 

This same form of the sulphate was also prepared by dissolving 
benzyl-y-thiourea in excess of hot dilute sulphuric acid. On cool- 
ing the solution, crystals melting at 143° separated (see Arndt, 
loc. cit.). 

The specific conductivities of solutions of “ammonium” and of 
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“sulphonium”’ thiocarbamide benzyl sulphate were measured in 
a cell the constant of which was 0105. 

With a solution of 2°5 grams in 200 c.c., the solution of the 
“ammonium” form had a resistance of 8°8 ohms, whilst the 
“sulphonium” form had a resistance of 28°0 ohms. The equiva- 
lent conductivities are therefore 205°2 and 64°5 respectively. 


Thiocarbamide and Nitrates. 


Methyl Nitrate——Thiocarbamide and methyl nitrate in methyl 
alcohol were heated on a water-bath for two or three hours. The 
solution gave rhombs which melted at 109—110°, and this melt- 
ing point was not changed when the substance was recrystallised 
from nitric acid. The substance was soluble in water, and the 
aqueous solution responded to the usual tests for y-thiourea with 
an alkaline solution of lead acetate and with an ammoniacal solu- 
tion of silver nitrate. It dissolved readily in methyl or ethyl 
alcohol : 

0°250 gave 39°0 c.c. NO at 17° and 755 mm. N (nitratic)=9°16. 

C,H,O,N;8 requires N (nitratic)=9°15 per cent. 

An attempt to prepare the substance from thiocarbamide 
nitrate and methyl alcohol failed. With excess of methyl alcohol, 
no sign of combination was observed after an hour on a water- 
bath. On concentrating the solution to smaller bulk, a vigorous 
reduction of nitric acid took place; no thiocarbamide methyl 
nitrate could be detected. 

A product similar to the direct additive product was obtained 
on mixing aqueous solutions of thiocarbamide methyl sulphate 
and barium nitrate. From the filtrate a substance was obtained 
melting at 108—109° and having the same crystal shape and 
chemical properties as the direct additive product. The two sub- 
stances gave identica] picrates (m. p. 221°). 

Ethyl Nitrate—Thiocarbamide and ethyl nitrate were heated 
together with alcohol on a water-path at intervals for nearly a 
month. Considerable interaction had taken place, as the result- 
ing solution gave only a slight blackening when heated with 
alkaline lead acetate solution. A picrate was obtained (m. p. 
186°) similar to all the picrates obtained from ethyl-y-thiourea 
compounds. 

Attempts to prepare the substance by the interaction of ethyl 
alcohol and thiocarbamide nitrate failed, just as in the case of 
methyl nitrate. 

The action of silver nitrate on thiocarbamide ethiodide resulted 
in the formation of double silver salts. 

Benzyl Nitrate.—This compound was prepared by mixing hot 
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concentrated solutions of either thiocarbamide benzyl chloride or 
benzyl sulphate and potassium nitrate. White, flattened needles 
separated from the cooled liquid, which when recrystallised from 
water melted at 118—119°. 

The substance prepared by Arndt’s method of dissolving benzyl. 
y-thiourea in nitric acid agreed in all respects with the materia] 
as prepared above. The melting point of a mixture of the two 
remained unchanged, showing their identity. 

Analysis was carried out by adding an ammoniacal solution of 
silver nitrate to a weighed quantity of material in aqueous solu- 
tion. The compound was completely decomposed according to 
the equation: 

(NH,).C°S(CH,Ph)-NO, + 3AgNO, + 4NH,-OH = 
CN,Ag, + CH.Ph-8Ag + 4NH,°NO, + 4,0. 


The filtered precipitate of silver cyanamide and silver benzyl 
meércaptide was treated with nitric acid, and the amount of silver 
in solution determined by Volhard’s method. One hundred parts 
of the substance gave 139°6 parts of silver, whereas 100 parts of 
CSN,H,,CH,Ph-NO, require 141°5 parts of silver. 

The nitrate readily separates on cooling a mixture of nitric 
acid with a hot concentrated solution of thiocarbamide benzyl 


chloride (compare Arndt, loc. cit.). 

Attempts to prepare thiocarbamide benzyl nitrate from a mix- 
ture of thiocarbamide nitrate and benzyl alcohol failed in the 
same way as with methyl alcohol and with ethyl alcohol. 

Identical products (m. p. 117—118°) were obtained by the 
addition of barium nitrate to solutions of either “sulphonium” 
or “ammonium” thiocarbamide benzyl sulphate. 


Thiocarbamide and Benzyl Chloride. 


Werner’s work on thiocarbamide benzyl chloride (loc. cit.) was 
revised in the light of the previous experiments. He stated that 
on three occasions he obtained specimens which melted at 
142—143°. On other occasions his product melted at 174°. He 
suggested the existence of polymeric modifications. It is now 
found that when a non-hydrolysing solvent, such as acetone, is 
used, no substance of lower melting point is formed. Repeated 
recrystallisation of the product from hydrochloric acid, in which 
it is much less readily soluble than in water, yielded thin, glisten- 
ing plates which melted at 148°. This appears to be the 
“ammonium ” form of the compound. The melting point of this 
form, following the general rule, is lower than that of the corre- 
sponding “sulphonium” form. 
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After the “ammonium” form has been heated in alcoholic 
lution for about an hour with animal charcoal and sodium phos- 
phate, the material becomes less readily soluble in alcohol, and 
the crystals show scarcely any softening at the lower temperature, 
and if they are further heated in a steam-oven for two or three 
hours the substance melts at 174° without previous softening. 
A mixture of the two forms is, however, very readily obtained, 
recrystallisation from water being sufficient to transform part 
from “sulphonium”’ form to “ ammonium” form. A mixture of 
the two forms was produced when either the “sulphonium” or 
“ammonium” form of thiocarbamide benzyl sulphate was trans- 
formed to chloride by barium chloride. 

The hydrochloride of benzyl-y-thiourea may be prepared easily 
by dissolving the y-thiourea in an excess of hot dilute hydro- 
chloric acid. The crystals which separate on cooling melt at 148° 
and are identical with the “ammonium” form of thiocarbamide 
benzyl chloride (compare Arndt, Joc. cit.). 

An exactly similar product, melting at 148°, was prepared by 
heating thiocarbamide hydrochloride with benzyl alcohol. 


Thiocarbamide and Thiocyanates. 


These compounds are the more interesting, as all attempts to 
combine thiocarbamide with thiocyanic acid have failed up to the 
present (Krall, T., 1913, 108, 1383). 

The compounds now obtained are ionic, giving the usual reac- 
tions for thiocyanates, unlike the parent materials. 

Methyl Thiocyanate.—Thiocarbamide methyl thiocyanate and 
alcohol were heated together on a water-bath for two or three 
days. A considerable quantity of solid separated which melted 
and decomposed at 78—80°, and was very readily soluble in water 
or alcohol. The usual y-thiocarbamide reactions were shown, as 
well as those for thiocyanate. It yielded a picrate melting at 
220°: 

0°242 required 16°1 c.c. V/10-CuSO,. SCN =38°6. 

C,H;N,8, requires SCN=38°9 per cent. 

This compound gave no sulphide when heated with an alkaline 
solution of lead acetate or with an ammoniacal solution of silver 
nitrate, nor was sulphide produced by this treatment after solu- 
tions of the substance had been repeatedly evaporated on a water- 
bath and the substance itself maintained in a state of fusion for 
several hours, 

An exactly similar product melting at 78—79° was prepared 
by the interaction of solutions of thiocarbamide methyl sulphate 
and of barium thiocyanate. 
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Ethyl Thiocyanate-—Complete combination of the thiocarb. 
amide could not be effected. Interaction took place, as the soly- 
tion gave a picrate and lead mercaptide. Ammoniacal silver gaye 
silver sulphide, indicating unchanged thiocarbamide. The pro 
duct was a faintly brown paste. 

Benzyl Thiocyanate.—Thiocarbamide was heated on a water. 
bath with benzyl thiocyanate and alcohol. After five or six hours 
reaction was complete. The product separated in bundles of long, 
slender needles which melted at 82—84°, and this melting point 
was unchanged by recrystallisation from thiocyanic acid, but its 
crystal shape became transformed to thin, hexagonal plates. 

Found: SCN=25°58. 

C,H,,N,8S, requires SCN=25°78 per cent. 

A product crystallising in long needles, but melting at 85—86°, 
was prepared by dissolving benzyl-y-thiourea in thiocyanic acid. 
On recrystallisation from thiocyanic acid, hexagonal plates melt- 
ing at 82—84° were again obtained. None of these products 
gave hydrogen sulphide to alkaline lead acetate after heating to 
the fusion point. When heated more strongly, the substance dis- 
sociated, giving benzyl thiocyanate, and the fusion now readily 
gave metallic sulphides. 

Allyl Thiocyanate.—To an alcoholic solution of allyl thiocyanate 
was added finely divided thiocarbamide, and this mixture allowed 
to remain, with occasional shaking, for nearly a month until the 
liquid gave none of the reactions for thiocarbamide. The product 
was a clear, yellow oil. One hundred parts of the substance gave 
184°3 parts of silver, whereas 100 parts of CSN,H,,C,H,*SCN 
require 1851 parts of silver. 


Thiocarbamide and Benzyl Nitrite. 


From an aqueous solution of thiocarbamide benzyl chloride and 
sodium nitrite this compound separated in fine needles. Its melt- 
ing point (126°) was determined by plunging the melting-point 
tube into an already heated bath. Identical products were 
obtained with either “ammonium” or “sulphonium”’ thiocarb- 
amide benzyl chloride as starting point. Nitrous acid was 
liberated by dilute acids, and the substance responded to the 
usual tests for y-thiocarbamide. One hundred parts of the sub- 
stance gave 143 parts of silver, whereas 100 parts of 
CSN,H,,C,H,;*CH,*NO, require 145°2 parts of silver. 

Arndt prepared a similar substance from benzyl-y-thiourea in 
an acid solution. He gave the same melting point for his pro 
duct, but did not check its composition. 
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Thiocarbamide and Ozalates. 


Ethyl Oxalate——Nencki (Ber., 1874, 7, 780) and Claus (Ber., 
1875, 8, 43) prepared an additive compound of thiocarbamide 
with ethyl oxalate, which melts at 158° and does not respond to 
any of the tests for y-thiourea or for oxalate. 

An isomeride, (CSN,H,).(CO,Et),, has now been obtained by 
the interaction of silver oxalate and thiocarbamide ethiodide. To 
the ethiodide, dissolved in alcohol, was added finely powdered 
silver oxalate. A considerable rise of temperature occurred and 
silver iodide was formed. After heating for about ten minutes 
on a water-bath, the hot mixture was filtered. A white, crystal- 
line deposit of small rhombs melting at 187—189° was formed 
which contained no silver or halogen. It was readily soluble in 
water, and the solution at once responded to the tests for oxalate 
and for ~-thiourea : 


0°331 gave CaOx equivalent to 22°4 cc. W/10-KMnO,, corre- 
sponding with “oxalate ” =29°7. 
C,H,,0,N,8, requires “oxalate” =29°8 per cent. 

Attempts to prepare this substance by heating thiocarbamide 
oxalate with ethyl alcohol resulted in the formation of Nencki’s 
compound, melting at 155°. The course of the reaction may be 
represented thus: 

(CSN,H,),H,Ox + 2EtOH —> 2H,0 + 2CSN,H,+ 
Et,0x —> (CSN,H,),Et,Ox. 

Benzyl Oxalate—This compound was obtained in thin, long, 
oblong plates melting at 191—192° on recrystallising from hot 
water the precipitate formed on mixing aqueous solutions of thio- 
carbamide benzyl chloride and ammonium oxalate. Its chemical 
behaviour is similar to that of the preceding compound: 

0°313 gave CaOx equivalent to 14°8 c.c. W/10-KMnQ,, corre- 

sponding with “ oxalate” = 20°81. 
CigH,,0,N,S, requires “oxalate” =20°85 per cent. 

The same compound also resulted from the interaction of (a) 
thiocarbamide benzyl chloride and silver oxalate (m. p. 192°), and 
(6) equivalent quantities of benzyl-y-thiourea and oxalic acid in 
alcoholic solution (m. p. 188°). 


Thiocarbamide and Salicylates. 


Methyl Salicylate—Methy] salicylate and thiocarbamide failed 
to unite at the boiling point of methyl salicylate. The ionic com- 
pound was precipitated on mixing hot concentrated solutions of 
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thiocarbamide methyl sulphate and sodium salicylate. The sub. 
stance crystallises in long needles which decompose at 155°, Its 
chemical behaviour is similar to that of other salts of w-thioureas, 
One hundred parts of the substance gave 142°8 parts of silver, 
whereas 100 parts of CSN,H,,HO-C,H,°CO,Me require 142°2 parts 
of silver. - 

Benzyl Salicylate—-The compound was prepared from thiocarb- 
amide benzyl chloride and sodium salicylate. It crystallises in 
fine needles which melt at 144—145°. One hundred parts of the 
substance gave 107°5 parts of silver, whereas 100 parts of 
CSN.H,,HO-C,H,-CO,-CH,Ph require 104°9 parts of silver. 


Thiocarbamide and Acetates. 


Ethyl Acetate.—This ester does not combine directly with thio 
carbamide, but when thiocarbamide ethiodide in alcoholic solu- 
tion was heated with its own weight of silver acetate for three to 
four hours, the solution deposited, on cooling, white, short prisms 
of the required compound which decomposed at 151—152°. One 
hundred parts of the substance gave 178°3 parts of silver, whereas 
100 parts of CSN,H,,CH,°CO,Et,H,O require 178°0 parts of 
silver. 

The substance therefore contains water of crystallisation. 
Arndt (loc. cit.) prepared the acetate of benzyl-j-thiourea, and 
showed that it also contained water of crystallisation. None of 
the other salts examined possessed this property. 

Benzyl Acetate—The compound of this ester with thiocarb- 
amide separated in long, flattened needles on cooling hot mixed 
solutions of excess of sodium acetate with thiocarbamide, the 
benzyl chloride, or either of the two forms of the benzyl sulphate. 
It melts to a brown liquid at 135—136°, and its melting point and 
crystal shape are unchanged by recrystallisation from acetic acid. 

The compound prepared by dissolving benzyl-y-thiourea in 
acetic acid has the same melting point and the same properties 
as the one prepared by double decomposition (compare Arndt, 
loc. cit.). One hundred parts of the substance gave 132°7 parts 
of silver, whereas 100 parts of CSN,H,,CH,*CO,*CH,Ph,H,0 
require 132°7 parts of silver. 


Thiocarbamide and Phosphates. 


Ethyl Phosphate—The thiocarbamide compound of this ester 
was obtained by heating an alcoholic solution of thiocarbamide 
ethiodide with silver phosphate. The product is sparingly soluble 
in alcohol and readily so in water. It crystallises from alcohol m 
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shining leaves which decompose at 195—196°. Its composition 
was checked by the silver method. Owing to the exceeding solu- 
bility of silver phosphate in ammonia, this was recovered by 
careful neutralisation of the ammoniacal liquors after the first 
precipitation. One hundred parts of the substance gave 303°3 
parts of silver, whereas 100 parts of (CSN,H,);(C,H;),;PO, require 
305°3 parts of silver. 

Benzyl Phosphate.—The product was obtained by mixing equal 
weights of thiocarbamide benzyl chloride and sodium ammonium 
phosphate in hot aqueous solution. An oil formed which pre- 
sently hardened to crystals. The substance is sparingly soluble 
in alcohol, and when crystallised from hot water it forms small, 
fine needles decomposing at 191°. One hundred parts of the sub- 
stance gave 216 parts of silver, whereas 100 parts of 
(CSN,H,)3(CH,Ph),PO, require 217°4 parts of silver. 

An exactly similar product decomposing at 191° was obtained 
on mixing alcoholic solutions of benzyl-y-thiourea and phosphoric 
acid. 


My thanks are due to Prof. A. E. Dixon for kindly criticism 
and interest shown during the course of this investigation, and to 
Mr. P. Belas for measuring the conductivity of the solutions. 
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LIX.—Phosphorescent Zine Sulphide. 


By EvizaBeTH MacDovuGatt, ALFRED WALTER STEWART, and 
Rosert WRIGHT. 


Tue study of the conditions producing phosphorescence has given 
rise to an extensive literature,* but it cannot be said that much 
clear light has been thrown on the problem. Data given by one 
observer are contradicted by other workers, and it appears in 
general that the various investigators did not take sufficient care 
to define the conditions under which they worked, so that 
attempted repetitions of the work were hindered by a lack of 
exact knowledge of the experimental conditions employed by 
earlier investigators. The present work was carried out with a 
view to define more clearly the various factors which are con- 
cerned in the production of phosphorescent zinc sulphide. 


* See Kayser, “‘ Handbuch der Spektroscopie,” Vol. IV. 
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In order to make clear what is unavoidably a somewhat com. 
plex subject, it will be best to deal separately with the following 
eight questions which arose in the course of the investigations: 


I. The phosphorescence of pure zinc sulphide. 
II. The influence of traces of impurities on phosphorescence. 
III. The means by which impurities can be introduced. 
IV. The influence exerted by the conditions under which the 
zinc sulphide is precipitated. 
V. The treatment of the zinc sulphide precipitate before 
drying. 
VI. The influence of temperature on the production of phos- 
- phorescent zine sulphide. 
VII. The methods of testing the final product. 
VIII. The influence of appreciable quantities of impurities on 
the phosphorescence. 


I. The Phosphorescence of Pure Zine Sulphide.—The data 
respecting the power of phosphorescence possessed by pure zinc 
sulphide are often contradictory. Some authors state that the 
presence of a trace of impurity is necessary in order to obtain 
phosphorescent specimens, whilst other investigators find that 
pure samples can be obtained in the phosphorescent form. Various 
attempts were made by us to prepare zine sulphide by different 
methods in order to determine the phosphorescence of samples 
produced in different ways. 

Ordinary precipitated zinc sulphide shows no trace of phos- 
phorescence. Heat is necessary in order to produce the 
phosphorescent condition, from which it may be deduced that the 
physical nature of the sulphide (amorphous, semi-crystalline, or 
crystalline) has a considerable bearing on the occurrence of the 
property in question. Working on this idea, several other 
methods of obtaining zinc sulphide were tried. If the calculated 
quantities of sulphur and zinc are used as a “thermite” mixture, 
deflagration occurs, and the zinc sulphide thus produced shows in 
part a considerable power of phosphorescence. By conducting the 
operation in a roomy vessel, the volatilised zinc sulphide is 
separated into various sections lying on circles of different radii 
with the crucible in the centre, and it is found that the power 
of phosphorescence differs from circle to circle. The method, how- 
ever, was of little practical value, owing to the fact that the size 
of the crucible charge had an influence on the temperature attained 
during the deflagration, so that standardisation was difficult. Also 
no accurate measurements of temperature could be made, so that 
it was impossible to guarantee an exact reproduction of the 
experimental conditions. A further set of experiments was made 
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by heating zine in a crucible and adding excess of sulphur ; but 
here again the difficulty of exact reproduction of the experimental 
conditions vitiated the value of the method, and the results were 
not promising, although specimens of phosphorescent zinc sulphide 
were obtained in this manner. Similar drawbacks attended the 
addition of zinc to boiling sulphur and the interaction of zinc oxide 
and sulphur. The production of zinc sulphide by allowing zinc 
vapour and sulphur vapour to interact suffered from a similar 
defect, as the heat of reaction in this case is incapable of being 
regulated, and in addition the method is troublesome. Experi- 
ments were also made with the electric arc as heating agent, but 
with the same lack of definite success. 

In general, we found that pure zinc sulphide is capable of giving 
rise to phosphorescence; but the effect is not a very marked one, 
and is not comparable with the phosphorescence obtained in the 
ways which will be dealt with later in the present paper. 

II. The Influence of Small Quantities of Impurities —Here 
again the literature is very confusing, as some authors describe 
certain impurities as being advantageous, whilst other investi- 
gators mention the same impurities as having a deleterious 
influence. From our own results we are inclined to believe that 
these contradictory data arise from the fact that different workers 
used different temperatures, and that the impurity played less part 
in the matter than has been supposed. All that can be said with 
certainty is that certain impurities, such as iron, seem to inhibit 
the power of phosphorescence to a great extent, whereas other 
admixtures, such as common salt, increase the phosphorescent 
effect. A rough empirical rule is that impurities of metals which 
give black sulphides seem to exert a deleterious effect on the 
phosphorescence of zinc sulphide. This rule, however, requires 
modification in some respects when the influence of temperature is 
considered, as will be seen later. It may be taken as proved that 
impurities do influence the phosphorescence phenomena, and that 
the amount of impurity required is extremely small. 

Ill. The Manner in which the Impurities are Introduced into 
the Zine Sulphide —Fixed quantities of a given impurity may be 
introduced into a given sample of zinc sulphide by one of three 
methods. In the first place, the precipitated zinc sulphide may 
be mechanically mixed with the impurity before heating takes 
place; secondly, the precipitated zinc sulphide may be washed 
with a solution containing the impurity, and the material may 
then be dried in the steam-oven before heating, so that a certain 
amount of the impurity adheres to the particles of zinc sulphide ; 
or, thirdly, the impurity may be placed in the solution of a zinc 
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salt and the admixture obtained by precipitating the zinc sulphide 
and neglecting to wash the precipitate after it has been produced. 
All three methods give results. The first method is apt to pro 
duce uneven preparations, owing to the mixture not being 
sufficiently uniform ; the second method is better, but the impurity 
is only deposited on the outer edge of the flocky material, either 
by adsorption or by mere mechanical deposit as the water is 
removed. The third method insures that the impurity is occluded 
in the precipitate, and therefore gives a much more uniform 
result. 

IV. The Conditions of Precipitation.—It occurred to us that 
the precipitation of zinc sulphide from the solution of a zinc salt 
was capable of taking place under two conditions: (a) when excess 
of precipitant was present, and (6) when the zinc salt was in 
excess, and it seemed possible that this might affect the character 
of the final product. Experiments were therefore made in 
some of which a zinc salt was added to excess of ammonium 
sulphide, whilst in other experiments ammonium sulphide. was 
added to a solution containing excess of a zinc salt. When both 
types of product were submitted to identical heating processes, it 
was found that there was a marked difference in the phosphor- 
escence produced. The greatest illuminating power was found in 
the case where the zinc salt was present in excess; the other 
samples (in which the whole of the zinc was precipitated) gave 
much inferior results. This point will also be discussed later. 
Its practical bearing was to give a preference to ammonium 
sulphide over hydrogen sulphide as a precipitant, for in the case 
of the former it was possible to break off the precipitating process 
at any desired point, whereas with gaseous hydrogen sulphide it 
was difficult to ensure that a fixed proportion of zinc was pre 
cipitated. 

V. The Treatment of the Wet Precipitate to Ensure Easy Filtra 
tion and Drying.—The zinc sulphide precipitate is one which under 
ordinary conditions entails considerable trouble in filtration, but 
the following method was found to give good results. Zinc 
chloride sticks were dissolved in water, giving as concentrated a 
solution as possible. Ammonia was added until the precipitate 
formed redissolved. The solution was then allowed to remain for 
twenty-four hours, after which all precipitate (chiefly iron hydr- 
oxide) was filtered off; the filtrate was diluted with water until 
each litre contained a gram-atomic weight of zinc, and in making 
up the solution 15 grams of sodium chloride per litre were added, 
as it was found that the presence of this gave the best results. 
Of this standard solution, 100 c.c. were raised to the boiling point, 
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then a given number of c.c. of a thousandth gram-molecular solu- 
tion of some compound of the element used as impurity was added, 
and the zinc sulphide was at once precipitated with enough 
ammonium sulphide to bring down half the total quantity of zinc 
present. The quantities of “impurity” solutions used were 5 c.c., 
10 cc., 15 c.c., and 30 c.c. in the case of each element tested, so 
that four comparable results were obtained. In the case of basic 
elements, some soluble salt was employed, whilst for acidic elements 
the sodium salt was used wherever possible.* 

After precipitation was complete, the boiling mixture was 
poured into an equal bulk of cold water containing 15 grams of 
sodium chloride per litre. Settling takes place rapidly, and the 
precipitate thus obtained is much more readily filterable than the 
ordinary material. . After filtration, the material (without wash- 
ing) was dried in a steam-oven, ground to fine powder, sieved 
through muslin, and was then ready for heating. 

VI. Effect of Temperature on the Production of Phosphorescent 
Zine Sulphide——Two factors enter into this problem: (a) the 
temperature to which the sulphide is heated, and (0) the duration 
of the heating process. In order to obtain comparable results, we 
utilised an electric furnace with a thermo-couple, and in this way 
we were able to repeat our experimental conditions with a high 
degree of accuracy. Our first series of results was obtained by 
heating the prepared sulphide in a porcelain crucible for an hour 
and a-half in the electric furnace at a temperature of 650°. The 
material of the crucible may possibly exert a certain amount of 
effect, but graphite crucibles, which were tried, were found to be 
inconvenient from more than one cause, and we experienced no 
difficulties in using porcelain ones. The results obtained with 
porcelain crucibles will be given in Section VII. 

Further investigation showed that, speaking generally, there are 
three grades of temperature which may be employed. Below 650° 
even prolonged heating produces only poor phosphorescent effects 
in the sulphide. Between 650° and 900° the results are much 
better, whilst heating for any length of time at 1100° produces 
very poor specimens. An examination of the samples obtained 
under these three conditions proved that the material produced 
below 650° was viscous and amorphous, that obtained between 
650° and 900° was semi-crystalline under the microscope, whilst 
the substance produced at 1100° was purely crystalline. Of course, 
the change from semi-crystalline to crystalline material is to some 


ty We were much indebted to Professor G. G. Henderson, F.R.S., who 
rg furnished us with specimens of some of the rarer elements to complete 
the series, 


668 MACDOUGALL, STEWART, AND WRIGHT: 


extent dependent on the period of heating, some quite crystal- 
line material being obtained by prolonged heating at 900°, whilst 
semi-crystalline substances can be produced by a few minutes’ 
heating at 1100°. For ordinary working purposes, however, it 
was found that half an hour was the shortest interval of heating 
which could be usefully employed, as less than this entailed 
trouble with the exact regulation of the furnace after it had been 
opened to admit the samples, and concordant results were not easy 
to obtain. Thus it may be taken that the best phosphorescent 
samples are produced by heating to some temperature between 
650° and 900° for a time not exceeding an hour and a-half. 

Our next set of experiments was directed to testing whether the 
phosphorescence was due to a state of strain being set up in the 
crystalline structure of the sulphide, as this seemed possible from 
a consideration of the results just described. We therefore carried 
out a series of experiments concerning the effect of quenching the 
heated sulphide in various liquids. Water, we found, gave poor 
results, especially with material heated at a low temperature, as 
deliquescent substances were present which had some influence on 
the process. Experiments with organic liquids, such as chloro- 
form, carbon tetrachloride, and paraffins, gave better results; but 
the process set up charring in the liquid, with the result that the 
zinc sulphide was rendered dirty in parts. We therefore aban- 
doned this line of investigation. 

Up to this point we had proceeded on the assumption that the 
material should be screened from the air while being heated, and 
had conducted all our experiments in tightly closed crucibles ; but 
as we wished to adopt a new system of sampling, we tested if any 
difference in the product could be detected if the crucible was left 
open or was kept tightly closed. It appears that no appreciable 
advantage is gained by the exclusion of air. Samples in open 
crucibles and others in closed crucibles gave very similar results. 

This opened up a new possibility, and we proceeded to deter- 
mine the exact period of heating which gave the greatest phos 
phorescent effect when the final product was illuminated by light. 
A large crucible was filled with material and placed in the furnace, 
already heated to a fixed temperature.. Samples were withdrawn 
at fixed intervals of time, and were tested for light effect by cool- 
ing and exposing them to daylight. Thus we were able to trace 
the maximum point of illumination and repeat our experimental 
conditions at other times with certainty. 

VII. The Methods of Testing the Final Product.—Phosphor- 
escence may be excited in zinc sulphide in four different ways: 
by light, by X-rays, by cathode rays, or by Becquerel rays from 
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radioactive substances. It will be necessary to consider these 
separately. 

In order to test the relative brightness of phosphorescence under 
the action of light, a standard sample was chosen which showed 
a brilliant illumination after a brief excitation. The substance 
actually used was a zinc sulphide containing vanadium (30 c.c. of 
M/1000-sodium vanadate in 100 c.c. of M-zine solution contain- 
ing 15 grams of sodium chloride before precipitation) which had 
been heated for an hour at 750°. Any sample which, when sub- 
mitted to the light test, gave an illumination equal to this was 
reckoned as Class A. The Class B standard was made up by 
mixing 0°5 gram of the vanadium standard mixed with 0°75 gram 
of precipitated (unheated) zinc sulphide, whilst the Class C 
standard consisted of 0°5 gram of the vanadium standard mixed 
with 2 grams of precipitated zinc sulphide. The illumination was 
made in the dark-room by means of a fixed length of magnesium 
ribbon. The estimation of intensity is at best only a rough one, 
as owing to the evanescence of the phosphorescence it is impossible 
to carry out exact photometric measurements. The results are 
shown in the accompanying tables in the columns A, B, and C. 
A cross (+) in the column indicates that the sample had a corre- 
sponding phosphorescence. 

With regard to X-rays, the same standards were utilised, and 
each sample of zinc sulphide was compared by placing it on a 
card along with three standards and estimating the luminosity 
when submitted to the action of X-rays generated from an X-ray 
bulb below the card. In this case, also, the estimates of luminosity 
are necessarily rough. The results are shown by asterisks in the 
table. 

Turning next to the excitation by means of cathode rays, the 
apparatus employed was simple. A tube in the form of an H 
had the disk-shaped cathode and anode sealed into the upper ends 
of the vertical tubes of the H, one in each. The bottom of the 
H-tube, opposite the cathode, was furnished with a ground stopper 
bearing on its upper surface a mica disk, which was kept well 
above the ground portion of the glass by being mounted on a 
glass rod or tube. The standard substance was placed on the 
mica plate along with the specimen to be compared, and the whole 
vessel was exhausted. 

in order to differentiate between the sensitiveness of the various 
specimens, the number of strokes of the Tépler pump used 
throughout the experiments was employed, and these numbers 
are given in the following table. The readings “ Green,’’ “ Blue,” 
and “ Yellowish-green” indicate the tint of the phosphorescence 
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shown. In the column headed “First response” is given the 
number of strokes of the pump necessary to produce the first 
faint indications of phosphorescence in the samples under investi- 
gation. The column headed “First brightness” indicates the 
number of strokes of the pump necessary to produce an appear- 
ance of internal glow in the samples. The column headed 
“Intensity ” refers to the appearance of the illumination after 
the vacuum has been made as high as possible with the pump. 
Intensity I implies that the substance glows steadily, but with 
no marked brilliancy. Intensity II indicates that when the 
current is first applied, the substance exhibits a momentary flash 
and then dies down to a state similar to Intensity I. Intensity ITI 
covers the case in which the first flash is not momentary, but lasts 
for a short period—some seconds at least. Intensity IV repre- 
sents a state in which the sample shows a much stronger 
illuminating power than the others, although after a minute or 
so of bombardment it declines slightly in lustre. Intensity V 
indicates that the substance shows an illumination like that of 
IV, but that the fatigue effects do not set in so markedly. 
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TaBLe I. (continued). 
Results for Samples Heated for an Hour and a-half at 600°. 
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TABLE I. (continued). 
Results for Samples Heated for an Hour and a-half at 600°. 
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TaBLe I. (continued). 


Results for Samples Heated for an Hour and a-half at 600°. 
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TaBLE I. (continued). 
Results for Samples Heated for an Hour and a-half at 600°. 
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to 200 c.c. of M-zinc, and the sample was heated for half an hour 
at the temperature mentioned. 
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TaseE II. 
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We have given no measurements made with radium for two 
reasons. In the first place, owing to the use of radium paint at 
the present time for military purposes, it seems undesirable to offer 
any such results just now. Secondly, we did not carry out such 
complete measurements with radium as we did with other sources 


676 MACDOUGALL, STEWART, AND WRIGHT: 


of energy. It is desirable to state, however, that the results 
obtained with radium do not in any way concord with those 
observed with light, etc., although our earlier investigations led 
us to believe that there was a close similarity in effect between 
the response of zinc sulphide to radium and to light. Fuller 
examination of the material at our disposal has shown us, how- 
ever, that there is no parallelism between the two actions. The 
effect of the a-particle bombardment is apparently quite incapable 
of being predicted from the results obtained from other sources 
of excitation. 

As it may assist others who are working in this region of the 
subject, we may mention two methods whereby the influence of 
radioactive materials on phosphorescence may be tested without 
loss of the radioactive substance. The first of these, which was 
devised by the late Sir William Ramsay, consists in coating one 
side of a microscope cover-glass with a known quantity of radium, 
covering this with a protective film, and then placing the cover- 
glass (radium side downwards) on the surface of the preparation 
to be examined. The resulting illumination is observed through 
the cover-glass, and by using cover-glasses of equal surfaces on 
which different quantities of radium have been deposited, a rough 
estimation may be made of the relative luminosities of two samples 
of zine sulphide. The method of preparing the cover-glasses is 
simply to allow a fixed number of drops of a solution of a radium 
salt of a known strength to fall on the cover-glass surface, then 
heat the glass in an oven until the water evaporates, taking care 
to see that an even deposition results. When the film is dry, it is 
covered with a thin film of “dope” or of collodion, which has 
little effect on the radiation. 

In order to estimate the effect of a-rays, apart from the other 
constituents of the Becquerel rays, the following method may be 
employed, for which we are indebted to Dr. A. Fleck. A quill 
tube of glass is sealed at one end, and into it are introduced 
various samples of sulphide which it is desired to compare. Each 
sample is loosely packed, and is separated from its neighbours by 
a loose wad of cotton-wool. The tube is then pumped out and 
niton is introduced into it;.the free end is then sealed. In this 
way, a rapid estimate of the effect of the a-ray may be obtained. 

VIII. The Influence on Phosphorescence Produced by Impuri- 
ties in Large Quantities—Hitherto we have dealt with the effects 
produced by impurities present in extremely small quantities, but 
it seemed necessary to examine also the results obtained when 
much greater quantities of impurities were added to the zinc 
sulphide. It has been well known for a considerable time that 
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zinc sulphide containing an admixture of sodium chloride gave 
results very much superior to those observed when pure zinc 
sulphide was employed. In the ordinary method of preparing 
zinc sulphide (precipitation of ammoniacal zinc solutions), it is 
clear that the unwashed precipitate must contain a considerable 
amount of adherent or occluded ammonium chloride, so that in 
the experiments described above it is clear that our specimens 
before heating must have been mixed with the chlorides of sodium 
and ammonium. In order to determine whether the presence of 
these compounds had any effect on the ultimate product, we 
examined a series of samples in the following manner. The pre- 
cipitation, drying, and powdering were carried out as usual, and 
then each sample was divided into two parts. One of these was 
thoroughly washed to remove any soluble impurity, whilst the 
other was left untreated. Both samples were then heated along- 
side each other in the furnace, and it was found that whilst the 
“unwashed” sample gave the usual result, the ‘ washed ” sample 
lagged much behind it in phosphorescing power. From this it 
follows that the presence of the two impurities had a considerable 
effect on the phosphorescence of the final product. To make sure 
of this point, we prepared fresh samples of zinc sulphide, pre- 
cipitated and dried as before. Each sample was then washed 
thoroughly with water to remove the impurities, and the washed 
precipitate was divided into two parts. One part was left with- 
out further treatment, whilst the other was soaked for a time in 
a solution of sodium chloride. Both were then dried in the same 
oven and heated side by side in the same furnace. It was found 
that the ‘washed ”’ sample gave a much feebler phosphorescence 
than the other which had been again rendered impure, from which 
it must be deduced that the presence of sodium chloride has a con- 
siderable influence on the production of phosphorescence. Similar 
results were obtained by mixing the washed material with 
ammonium chloride, but the resulting compounds were not so good 
as those made with sodium chloride. 

Now when zinc sulphide is heated to a high temperature in the 
presence of sodium chloride, it is natural to expect that inter- 
action between the two compounds will take place, resulting in the 
formation of zinc chloride and sodium sulphide. That this view 
is correct was shown to us by the emission of fumes of zinc chloride 
from the electric furnace while these samples were being heated, 
and also by the deliquescent nature of several samples which had 
not been heated high enough to cause the complete volatilisation 
of the zinc chloride. This suggested to us that the presence of 
zinc chloride is to some extent necessary during the heating of the 
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material if good phosphorescent samples are to be obtained. It 
then occurred to us that this was sufficient to explain the results 
mentioned in Section IV., when we found that precipitation in 
presence of excess of zinc chloride gave good results, whilst pre 
cipitation in presence of excess of ammonium sulphide gave much 
feebler preparations. In the former case, a certain amount of 
zine chloride will adhere to the sulphide, which cannot happen in 
the second case. 

In order to test this point more rigidly, we prepared a solution 
of zine acetate and used it as a source of zine sulphide, thus 
excluding the presence of any chloride. These sulphide samples 
showed very poor phosphorescence, a fact which seems to 
strengthen our views. 

It will be recalled that in an earlier section of this paper the 
rough rule was given that an impurity giving rise to a black 
sulphide was deleterious in its effect on the phosphorescence, but 
that there were exceptions to this rule. The following will make 
the point clearer. When an M-zinc solution containing M/100 of 
a bismuth salt and 15 grams per litre of sodium chloride is pre- 
cipitated with half the requisite amount of ammonium sulphide 
necessary to bring down all the zinc, the precipitate is dark grey, 
and when dry is almost brown. When heated at 800° for an hour, 
this material yields beautiful specimens of clear yellow zinc 
sulphide which show a fair amount of phosphorescence, although 
not so good as many samples which were obtained by other 
methods. The reason of this obviously lies in the fact that the 
bismuth sulphide, in the presence of excess of sodium chloride, 
forms bismuth chloride, which is volatilised away during the 
process of heating. None the less, it has some action on the end- 
product. This leads to the conclusion that phosphorescent power 
is connected in some way with a physical state, and not so markedly 
with chemical change. In volatilising from the inside of the 
particles of the zinc sulphide precipitate, the bismuth chloride may 
have broken them up into small aggregates, and its influence may 
have been due to this cause. The volatilisation of zinc chloride 
from a preparation would have a similar effect. We do not wish 
to lay too much stress on this point, as it requires further 
investigation, but it seems to deserve notice, as it points to the 
fact that the influence of an impurity may not necessarily depend 
on its presence throughout the whole course of the preparation. 

We have already directed attention to the fact that the best 
samples of phosphorescent zinc sulphide were those which exhibited 
a semi-crystalline structure under the microscope, so that there 
appears to be little doubt that there is an intimate connexion 
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between physical state and power of showing phosphorescence after 
excitation by light. 

With regard to the colour effects produced by the admixture of 
small quantities of impurities, these are, generally speaking, very 
feeble. Only in, the case of manganese is there a really marked 
change in the tint. We have been able to confirm the observa- 
tion of Hofmann and Ducca (Ber., 1904, 37, 3407) that zinc 
sulphide, prepared from a solution containing M-zinc, 15 grams of 
sodium chloride per litre, and M/100 of a manganese salt, shines 
with a beautiful orange-golden tint, and also that this kind of 
zinc sulphide exhibits a most striking triboluminescence. In the 
latter property it far exceeds anything which we have seen in this 
field, aud might almost be capable of utilisation as a lecture 
experiment. 

As to the effect of temperature on the colour of zinc sulphide, 
we find that specimens which have been prepared at 650° are blue 
in phosphorescence, whilst high temperatures lead to greens and 
even yellows. 

Another point which seems to indicate that physical condition 
is an important factor in conditioning phosphorescence is found 
in the following facts. A specimen of strongly phosphorescent 
zinc sulphide was washed with water and carefully dried. When 
its phosphorescent power was compared with that of the untreated 
material, it was found that the washing process had greatly 
decreased the brilliancy of the phosphorescence. Similar results 
were observed when 90 per cent. alcohol was used instead of water, 
although in this case the diminution in the activity of the sample 
was much less than in the case of water. Washing with ether 
appears to have less influence even than when alcohol is used. 
The ether employed was not absolutely dry. 

This suggests that phosphorescent zinc sulphide contains some 
material soluble in water and alcohol which increases the phos- 
phorescent power of the substance. Possibly the masses of zinc 
sulphide are covered with a layer of zinc chloride so thin that no 
appreciable deliquescence is noticeable, and this soluble material 
may be setting up a strain upon the enclosed sulphide which 
renders it more capable of showing anomalous effects when sub- 
jected to the action of light. The removal of the skin of foreign 
material by the action of water would release the strain, and hence 
cause a diminution of the phosphorescent power of the contained 
sulphide. 

In confirmation of this idea, the following fact may be quoted. 
When a strongly phosphorescent specimen of zinc sulphide is 
ground in a mortar, or even rubbed well between the fingers, 
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it loses a considerable portion of its phosphorescing power.* Here 
again it is clear that any surface film would be broken up or 
cracked, and that the internal portion of the material would be 
released from strain. In any case, it is evident that the action 
must be a mechanical one not concerned with the chemical nature 
of the sulphide. 

Some other points that have arisen during the work may be 
noted here. We have been able to confirm the statement of 
Becquerel and others with regard to the behaviour of zinc sulphide 
when cooled. If two specimens of the same sample are chosen, and 
one cooled in liquid air whilst the other is kept at the ordinary 
temperature, it is found that if they are simultaneously excited 
by a magnesium flash both of them will glow with almost equal 
brilliancy, but if the cooled sample is withdrawn from the liquid 
air, its phosphorescence increases in intensity as the temperature 
of the sample rises until at the ordinary temperature it much 
exceeds that of the uncooled sample. This phenomenon might also 
be brought into line with the idea of a foreign coating on the 
surface of the particles of sulphide, as differential cooling would 
increase the strain, and hence increase the anomalous light effect. 

Another observation made by us tends to show that this effect 
of temperature is a general one. In the course of taking samples 
from highly heated zinc sulphide in the electric furnace, we noted 
that if a sample were exposed to light while it was very hot, it 
did not appear to become sensitised to any extent. On cooling, it 
became capable of sensitisation, and glowed well in the dark after 
exposure to light. Further, if this still glowing sample were 
thrown back on the top of the remaining zinc sulphide in the hot 
crucible, it immediately phosphoresced brilliantly, although the 
light emission was only of brief duration. It therefore seems to 
be a general rule that substances at low temperatures can take in 
an extra store of light-energy, which they throw out rapidly as 
the temperature rises, the light-emission at temperatures of 800° 
to 1000° being a mere brilliant flash. 

Another point of interest is the phenomenon to which allusion 
has already been made, namely, the brilliant flash shown by certain 
specimens under the first impact of the cathode ray, and the sub- 
sequent “fatiguing” of the material so that the phosphorescence 
diminishes after the flash to a feebler glow. This flashing effect 
can be repeated at will by simply allowing the discharge to cease 
for a minute or two; on turning on the current again, the same 


* The triboluminescence of zinc sulphide with manganese also decreases 
with continued rubbing. At first mere pressure on the substance suffices 
to yield a flash, but soon hard grinding in a mortar is necessary. 
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process of flash and fatigue is visible. The flash is in some cases 
quite bright enough to throw a shadow in an ordinary room where 
no precautions have been taken to surround the apparatus with a 


screen. 
One further matter in connexion with the cathode discharge 


may be mentioned. If the cathode ray is allowed to play upon 
a specimen of zinc sulphide for a few minutes, it is found, after 
the current is interrupted, that the surface of the material is dis- 
coloured ; in some cases the original, nearly white sulphide becomes 
covered with a grey (or in some cases brown) film. So long as 
the specimen is kept in the cathode tube, even after being kept 
for a day, this tint remains fixed, but a few minutes’ exposure to 
air suffices to bring it back to the original white or yellow colour 
of the sulphide. A similar effect is noticed in specimens of zinc 
sulphide which have been exposed to the influence of niton. 
Samples which originally were clear lemon-yellow in tint become 
converted into brown or dove-coloured powders, and it was found 
that hand-in-hand with this change came an alteration in the tint 
of the phosphorescence itself. The original green hue gave place 
toa more blue light as the powder changed from yellow to a slate 
tint. Heating the material in the tube had no effect, so far as 
the restoration of the original colour of the powder was concerned. 

Summarising the foregoing, the following points appear to be 
definitely established. Pure zinc sulphide prepared in various 
ways can be obtained in a phosphorescent condition. The addition 
of certain impurities has a marked effect in some cases, and this 
effect may take the form of inhibiting the phosphorescence (as 
with iron) or altering its tint (as is the case with manganese). 
The presence of a chloride, whether it be zinc chloride or the 
chloride of some other element, has an advantageous influence. 
The factor which has the greatest influence, however, is the 
temperature to which the zinc sulphide is heated. This tempera- 
ture effect can be varied within limits; thus a sample heated for 
a very short time to a high temperature will give effects similar to 
those observed in another sample heated for a longer time at a 
lower temperature, provided that the lower temperature is not 
less than about 750°. Washing, rubbing, or disturbing the final 
product in any way tends to diminish its phosphorescent power. 
Amorphous sulphide does not phosphoresce, nor does purely 
crystalline sulphide show such good phosphorescence phenomena 
as samples which contain semi-crystalline material. Specimens 
made from zine salts not containing chlorides do not show such 
brilliant phosphorescence as those produced in the presence of 
chlorides. 
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With regard to the ultimate cause of the phosphorescence of 
zinc sulphide, it is at present impossible to go further than the 
statement that the salt in some manner acts as a reservoir of 
energy which it can emit in the particular form of light vibra. 
tions, but the foregoing data appear to throw some light on the 
conditions governing the process. 

In the first place, the influence of temperature on the storing 
and emission process deserves attention. It may be taken as 
proved that the colder the zinc sulphide, the more energy it is in 
a condition to absorb, but this absorbed energy must have a short 
wave-length if it is to be converted into phosphorescence. This is 
shown by the fact that a sample of sulphide cooled in liquid air 
in the dark does not emit light on being raised to the ordinary 
temperature unless it has already been sensitised by the action 
of light. Further, a specimen which is sensitised while at a 
temperature of, say, 400°, shows no phosphorescence to the eye, 
but if it is rapidly heated to 800° it phosphoresces brilliantly, 
although transiently, evidently giving up its store of accumulated 
energy very rapidly at the higher temperature. A similar pheno- 
menon is noticeable in the case of the specimens cooled in liquid 
air; when they are taken out of the cooling vessel, their phosphor- 
escence becomes more and more brilliant, reaches a maximum, and 
then dies down quite appreciably. This suggests some analogy to 
the flash obtained in the case of the first application of the cathode 
discharge to certain specimens of zinc sulphide, and it may be 
possible that this “flash” is produced by the sudden local rise of 
temperature on the surface of the specimen, caused by the impact 
of the cathode discharge, which is known to give heating effects. 

These phenomena point to the fact that phosphorescence is much 
influenced by physical conditions, and cannot be regarded as 
entirely due to the chemical nature of the phosphorophore. Other 
data give similar indications. Thus it has been established that 
the strongest phosphorescence is observed in specimens which are 
just on the border between the amorphous and crystalline condi- 
tions, and that this state can be attained either by heating for a 
very short period at a high temperature or for a longer time at 
lower temperatures. Again, the fact that washing diminishes the 
brilliancy of the phosphorescence in the final product points to 
the probability that some material is present which has a strong 
influence on the phenomenon. Since crushing, grinding, or 
rubbing of the final product also decreases its phosphorescent 
power, it seems reasonable to connect the two phenomena by the 
assumption that the supposed impurity forms a skin over the 
particles of the sulphide, which skin is removed by washing or 
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cracked by grinding. If the power of phosphorescence were 
governed entirely by the chemical character of the sulphide, such 
henomena would be inexplicable, but if it is assumed that zinc 
sulphide alone possesses a feeble power of phosphorescence which 
can be enhanced by the operation of outside influencés, the whole 
series of data fall into line. 

With regard to the nature of this supposed impurity, the experi- 
ments given above throw some light on the problem. In the first 
place, it has been shown that the presence of sodium chloride 
during the preparation of the sulphide has a marked enhancing 
effect on the light-emission. Zinc chloride also assists the phos- 
phorescence of the final product. This indicates that the chloride 
ion may lie at the root of the matter, and this idea is confirmed 
by the observation that sulphides prepared from zinc solutions 
containing no chloride have much less phosphorescing power than 
those produced in the presence of chlorides, as well as by the fact 
that large quantities of ammonium chloride in the solution 
increase the light emission of the final product. It may be sug- 
gested that the action of the traces of chloride is of the following 
nature. When the impure sulphide is heated, the chloride reacts 
with it and produces a surface film of zinc chloride on the sulphide, 
and this film, on cooling, may contract and produce a strained 
condition of the material within the film. The effect of additional 
impurities would be to influence the fusibility of the sulphide and 
chloride, and it may be in this action that the main influence of 
the impurities is to be sought. In any case, it seems reasonable 
to deduce that this film is brittle and soluble in water, as other- 
wise it is impossible to account for the phenomena observed in 
washing or grinding of the phosphorescent sulphide. Only one 
fact is unaccounted for by this hypothesis, namely, the alteration 
in colour of the emitted light which is observed when manganese 
is used as an impurity. All other impurities influence the phos- 
phorescence tint but slightly, the range of colours extending from 
lemon tint to green and bluish-green, but in the case of manganese 
the emitted light is golden to orange, quite distinct from the usual 
appearance of zinc sulphide. In this case it is hard to avoid the 
conclusion that some chemical phenomenon must be concerned, 
but our experiments have thrown no light on its origin. 


In conclusion, we desire to thank Dr. A. Fleck, Dr. A. Scott, 
and Mr. D. N. MacArthur for the assistance they have kindly 
given us in some parts of the work. 
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LX.—Salts of Thiocarbamide. 
F By Aveustus Epwarp Dixon. 


Durine the prosecution of a certain research, some salts of thio- 
carbamide have been isolated. As very few of such compounds 
appear to be known, except the nitrate (Emerson Reynolds, Journ, 
Chem. Soc., 1869, 22, 5) and the hydrochloride (Stevens, T., 1902, 
81, 80), mention may be made of those now obtained. 

From the fact that the solubility of thiocarbamide in water is 
enhanced by the presence of strong acids, it is evident that salts 
are formed in solution. They are, however, markedly hydrolysed, 
and since, as a rule, they are freely soluble, whilst the parent base 
requires for dissolution at the ordinary temperature about nine 
times its own weight of water, their isolation in the presence of 
this solvent is frequently impracticable. 


Thiocarbamide Hydrochloride. 


To what Stevens (/oc. cit.) has recorded in connexion with this 
substance, the following may be added. 

Of the ready formed salt, 1°48 parts (=1 part of thiocarbamide) 
required for dissolution 6°65 parts of water. When allowed to 
evaporate, the solution at first deposited thiocarbamide alone, this 
being accompanied later, when the bulk had considerably dimin- 
ished, by crystals of the hydrochloride. 

Also, when 1 part of thiocarbamide was treated with a prepared 
solution of hydrochloric acid (really 0°5 per cent. weaker than had 
heen intended) dissolution required 7°15 parts, consisting of 0°45 
part of hydrogen chloride and 6°7 parts of water. Thus, in the 
direct and in the reversed experiments, the end-systems were 
respectively : 

(i) CSN,H,: HCl: H,O=1:0°48:6°65 and 

(ii) CSN,H,: HCl: H,O =1:0°48: 6°70. 
Obviously, these two were alike, the trifling excess of water in (ii) 
corresponding with the deficiency of hydrogen chloride in the pre 
pared solution of hydrochloric acid; the action, therefore, is 
reversible. 

By operating as follows, a 75 per cent. yield may be obtained of a 
salt that is practically pure. To every 10 grams of thiocarbamide 
9 c.c. are added of ordinary concentrated hydrochloric acid (D, 1°16) ; 
the thiocarbamide is dissolved by warming the mixture, and hydro- 
gen chloride is passed in until distinct fuming is perceptible (during 
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the operation, a little hydrogen sulphide escapes). To prevent 
“setting,” the solution, as it cools, should be well stirred; the 
crystals are now powdered if necessary, drained as far as possible 
by the aid of the pump, thoroughly washed with chloroform, pressed 
in folds of bibulous paper, and dried over sulphuric acid. Analysis 
of two different preparations gave: 


Found: HCl=32°40, 32°61. After recrystallisation from hydro- 
chloric acid, 32°36. 
CH,N.S,HClI requires HCl = 32°44 per cent. 


It is possible, by reducing the proportion of concentrated hydro- 
chlorie acid, to increase the yield still further, but this is not desir- 
able, for even with 8 c.c. per 10 grams of base the liquid, on cooling, 
sets to a mass so hard that it cannot easily be freed from the 
mother liquor. 

In a dry atmosphere, at the ordinary pressure, the salt undergoes 
little change; a specimen kept for thirteen months over sulphuric 
acid was found at the end of that time to have lost only 0°7 per 
cent. of hydrogen chloride. At 15° it is twice as soluble as thio- 
carbamide, 1 part of the salt requiring about 4°5 parts of water; 
the solution, however, contains much of the total base as free thio- 
carbamide. Curiously, it is less soluble than the nitrate, this seem- 
ing paradox depending on the fact that it is more hydrolysed than 
the latter; hence, a larger amount of water is necessary to dissolve 
the resultant free thiocarbamide. 

Fusion, which took place at about 136—137°, with the evolution 
of a trace of gas, was preceded by distinct softening ; after recrystal- 
lisation from highly concentrated hydrochloric acid, the same 
behaviour was shown, except that the melting point was now 
135—136°. No sign of change was perceptible when the salt was 
put into the apparatus at 103°. 

Stevens found the substance to be fusible below 100°. To remove 
the mechanically adherent acid, he had washed the crystals with 
alcohol, a procedure likely to cause hydrolysis. On this point the 
following experiment was made: a quantity of the salt, having a 
primary melting point of 136—137°, was washed very rapidly, by 
the aid of the pump, with just enough strong alcohol to cover it; a 
portion, A, of the residue having been withdrawn, the remainder 
was again rapidly washed as before, leaving a twice washed mate- 
rial, B, the duration of each washing being about five seconds. 
Portion A softened gradually from 60° on, changing at 75° to an 
opaque paste which, by 112°, was transparent; portion B, placed in 
the apparatus at 85°, melted at once to a turbid liquid, becoming 
clear at 98°. Although the melting point is so strongly affected, 
the extent of hydrolysis caused by rapid washing cannot be very 


686 DIXON: SALTS OF THIOCARBAMIDE. 


great ; for Stevens, who made several analyses, obtained quite satis 
factory figures. 

Another portion of the salt was heated at the fusion tempera. 
ture for half-an-hour. The escaping gas consisted of hydrogen 
chloride, with a trace of hydrogen sulphide; the residue, entirely 
soluble in water, consisted principally of free thiocarbamide, together 
with a little unchanged hydrochloride and enough ammonium thio- 
cyanate (see Reynolds and Werner, T., 1903, 83, 4) to give a well- 
marked reddening with ferric chloride. No indication was 
detected in the residue of the presence of an _ imino-base, 
NH,°C(°NH)-SH. 

Although thiocarbamide is a diacidic base, yielding (see’ below) 
the salts CSN,H,,H,SO, and CSN,H,,H,C,0,, no evidence has 
been found that it can afford corresponding salts with monobasic 
acids; for example, the dihydrochloride, CSN,H,,2HCI, is not pro- 
ducible—or, at all events, was not detected—even in the presence of 
a large excess of free hydrogen chloride. On the other hand, no 
sulphate, (CSN,H,).,H,SO,, could be isolated. 


Thiocarbamide and Sulphuric Acid. 


When sulphuric acid was mixed with a saturated solution of 
thiocarbamide in acetone, a colourless oil was precipitated, chang- 
ing, when kept over sulphuric acid in a vacuum, to a white, crystal- 
line substance, rapidly attracting moisture from the air. 

Found (by titration): H,SO,=55°0. 

CH,N,S,H,SO, requires H,SO,=56°3 per cent. 

This rather low figure was the best obtained, other preparations 
giving lower values, the lowest of which was about 52 per cent. 

When thiocarbamide was treated with enough 98 per cent. sul- 
phuric acid to afford 1 molecular proportion of the acid, the base 
soon dissolved, yielding a syrup, possibly the solution of the salt in 
the small quantity of water present. This was at 20°; on cooling to 
9°, the syrup changed to a white solid. 

Thiocarbamide sulphate is soluble in glacial acetic acid, from 
which it is precipitated by acetone or by chloroform in oily droplets, 
which presently crystallise. 


Thiocarbamide Nitrate. 


Between the solubility of ready-formed thiocarbamide nitrate in 
water and that of thiocarbamide in a dilute nitric acid having 
about the concentration calculated from that solubility a disagree- 
ment was found, the weights of water (for 1 part of thiocarbamide) 
being 6°8 parts and 6°3 parts respectively. The variance is probably 
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due to a partial oxidation of the salt, during the process of drying, 
into the dinitrate of formamidine disulphide, C,S,N,H,,2HNO,, a 
sparingly soluble compound, which decomposes rather easily, with 
the production of free sulphur. The nitric acid used in preparing 
the nitrate was previously swept by a current of air, and in these 
circumstances the salt—except as mentioned above—seemed toler- 
ably stable. Curiously enough, when the nitric acid was previously 
boiled with carbamide, to remove every trace of nitrous acid, the 
nitrate prepared from it, as soon as it became dry in the desiccator, 
exploded. Emerson Reynolds, the first to produce thiocarbamide 
and its nitrate (loc. cit.), records the tendency of the latter to de- 
compose spontaneously, or even to explode. 


Thiocarbamide and Ozalic Acid. 


By reason of the sparing solubility of both substances in cold 
water, it could be foreseen that hydrolysis would defeat the isola- 
tion of any but a nearly insoluble salt; and when cold, saturated 
solutions were mixed and evaporated, this proved to be the case. 
A mixture of oxalic acid and thiocarbamide, in molecular propor- 
tions, was dissolved in the minimum amount of hot water; from 
this also, on cooling, a mixture of the components was deposited. 

No better result was obtained by evaporating a cold solution in 
acetone. But when molecular proportions of thiocarbamide and 
of crystallised oxalic acid were together dissolved in about the 
minimum quantity of boiling acetone, a solid separated on cooling ; 
when recrystallised from acetone, nearly saturated, in the cold, 
with oxalic acid, it formed small, white prisms melting at 73—74° 
and consisting of the anhydrous oxalate. 

Found: H,C,0,=54°2. 

CH,N.S,H,C,0, requires H,C,0,=54°21 per cent. 

Acetic acid behaving for all practical purposes as a simple solvent 
of thiocarbamide, the idea occurred of using the former as a 
vehicle in which to present another acid for combination. On 
experiment, it proved that some salts are producible in this way ; 
for example, when crystallised oxalic acid and thiocarbamide were 
together dissolved in the hot acid, the solution, as it cooled, de- 
posited rosettes of nearly white, opaque prisms which were recrystai- 
lised from dry acetone. (Found, H,C,0,=54:27 per cent.) 


Thiocarbamide and Trichloroacetic Acid. 


A mixture of the constituents, in molecular proportion, was dis- 
solved in about half its own weight of hot water, the solution, when 
cool, remaining clear. Chloroform was then added, to incipient 
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turbidity, and the turbidity dispelled by gentle warmth; on cool- 
ing, long, woolly-looking needles began to separate, changing, when 
the mixture was stirred, to short, white prisms, which were thor. 
oughly washed with chloroform. The yield amounted to 64 per 
cent. of the theoretical, and the mother liquor gave a further crop. 
The salt was analysed by titration with alkali. 


Found: C,HO,Cl, = 68'6. 
CH,N.S,C,HO,Cl, requires C,HO,Cl, = 68°3 per cent. 
In aqueous solution, the compound gave the reactions of thio- 
carbamide; with lead acetate, it yielded no precipitate, and hence 
was not a hydrochloride. 


Thiocarbamide and Monochloroacetic Acid. 


Attempts to obtain a salt of these, by the use of glacial acetic 
acid, first at the boiling point and next at 60°, were unsuccessful, 
the respective products being isothiohydantoin hydrochloride and 
the hydrochloride of isothiohydantoic acid (the latter is isomeric 
with thiocarbamide monochloroacetate). Ray and Fernandes’s 
observation (T., 1914, 105, 2160) was confirmed, that isothiohydan- 
toic acid hydrochloride is produced when a mixture of monochloro- 
acetic acid and thiocarbamide, in acetone solution, is kept for 
twenty-four hours at the ordinary temperature. 


Thiocarbamide and Picric Acid. 


When to a hot concentrated solution of picrie acid in 
glacial acetic acid 1 molecular proportion of thiocarbamide was 
added, the latter dissolved, communicating to the solution a deep 
orange colour. On cooling, long prisms separated, resembling mono- 
clinic sulphur in colour and in appearance ; by dissolution in water, 
or even in hot acetone, the compound was resolved into its com- 
ponents. 


Found: S=10°7. 
CH,N.S,C,H,0-;N; requires S=10°5 per cent. 


On heating, the picrate first became dark brownish-red, and 
then melted, without deflagration. 

Attempts to combine thiocarbamide, in the presence of water, 
with chloric, perchloric, silicofluoric, orthophosphoric, or metaphos- 
phoric acid led to no decisive results; nor could a salt be obtained 
of phthalic, salicylic, tartaric, or dichloroacetic acid. In the last- 
named case an old observation (Dixon, T., 1893, 63, 816) was con- 
firmed, namely, that thiocarbamide, with dichloroacetic acid, yields 
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sothiohydantoin hydrochloride—it is a curious reaction, and seems 
to merit further study. 


Regarding the configuration of the additive compounds, produced 
from free acids, HX, and thiocarbamide, it is more than difficult to 
arrive at any precise judgment. In practically all cases where a 
compound, RX, unites additively with thiocarbamide, and the posi- 
tion of the more electropositive fraction, R, can be ascertained, the 
latter proves to be conjoined with the sulphur atom. Since this 
applies both to alkyl haloids and to acyl haloids, it may reasonably 
be supposed to hold also for hydrogen haloids and for free acids 
generally ; in other words, the salt probably contains the SH-com- 
plex. Moreover, on the dissolution of thiocarbamide in acids, 
hydrogen sulphide is commonly disengaged, this phenomenon occur- 
ring not alone with the strong mineral acids, but also with feeble 
organic acids. 

As to what becomes of the other radicle, X, we have at present 
no real knowledge. If it, too, combines with the sulphur, the 
product is a kind of sulphonium salt, NED CS<y (i); if it goes 
to the carbon atom, the result is (NH,),CX*SH (ii); if somehow, 
in the long run, to the nitrogen atom, an ammonium salt must be 
formed, that is, XNH,°C(°-NH)-SH (iii), or a tautomeride. Form 
(ii), one may judge, is rather possible than probable; but, between 
(i) and (iii), so far as the author is aware, there are no facts yet 
known on which a decision may safely rest. 

With a view to learn if (iii) is warrantable, the idea occurred of 
trymg whether thiocarbamide thiocyanate (presumably 


CSN. H,,HSCN) 


would undergo by heat the isomeric rearrangement, characteristic 
of primary ammonium thiocyanates, thus: 


HS-C(:NH)-NH,-SCN —> HS-C(:NH)-NH-CS-NH.. 


Here, a positive result would be decisive in favour of (iii). The 
accomplishment of the experiment has been defeated by an unfore- 
seen impediment; in no way tried could the salt be prepared. 
Anhydrous thiocyanic acid was not employed, but, as an approxi- 
mation, a hot, nearly saturated solution of barium thiocyanate in 
water (in which the salt is exceedingly soluble) was treated with 
one equivalent of thiocarbamide sulphate. From the filtered 
liquor nothing separated on cooling or on the addition of acetone ; 
on spontaneous evaporation, thiocyanic acid escaped, the crystal- 
line residue consisting merely of impure thiocarbamide. These 
failures were unexpected, because, from the properties of its salts, 
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one might suppose thiocyanic acid to resemble the strongest of the 
mineral acids. 

. Krall, also, has recorded (T., 1913, 108, 1383) the failure of aj] 
attempts to produce thiocarbamide thiocyanate; as he gives no 
indication of the methods employed, it is uncertain how far these 
were alike or different in the two cases of independent endeavour, 
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LX1I.—Catalysis.* Part III. Some Induced 
Reactions. 


By Nivratan Duar. 


WHEN an aqueous solution of mercuric chloride is boiled with oxalic 
acid, there is no reduction of the mercuric chloride to the mercur- 
ous state; but, as is well known, this mixture of mercuric chloride 
and oxalic acid decomposes at the ordinary temperature in sunlight 


according to the equation: 
2HgCl, + H,C,0, = 2HgCl + 2HCl + 2C0,,. 

The same change, however, takes place in the dark, as the author 
has observed, if a drop of a V/10-solution of potassium permangan- 
ate is first added to the mixture; as soon as the colour of the per- 
manganate is discharged, mercurous chloride begins to separate 
out. 

This phenomenon appears to be of general occurrence. Thus the 
reduction of mercuric chloride and bromide by oxalic acid, tartaric 
acid, citric acid, malonic acid, malic acid, glycollic acid, lactic 
acid, hydroxylamine hydrochloride, hydrazine hydrochloride, etc., 
the reduction of gold chloride by several reducing agents, the reduc- 
tion of silver nitrate, cupric chloride, and selenious acid (to selen- 
ium) by various organic acids, etc., are promoted by the addition 
of such oxidising agents as potassium permanganate, potassium per- 
sulphate, manganese dioxide, potassium nitrite, hydrogen peroxide, 
etc. 

The experimental study of these induced reactions, as described 


below, shows that the effect is most marked in those cases which 
are sensitive to light. 


* For Parts I and II, see Proc. K. Akad. Wetensch., Amsterdam, 1916, 18, 
1084, 1097. 
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ExPERIMENTAL. 


In the majority of instances the materials used had been ob- 
tained from Kahlbaum, and in many cases they were recrystallised. 

Measured volumes of the solutions were mixed and made up in 
every case to 100 c.c.; the mixtures then transferred to small 
Erlenmeyer flasks, and these were placed in a thermostat at a con- 
stant temperature. When sufficient time, as established by pre- 
liminary experiments, had been allowed for the completion of the 
reaction, the mercurous chloride formed was collected in a Gooch 
crucible and washed. The crucible was then heated at 105° in an 
air-oven until a constant weight was obtained. 

According to the customary nomenclature (Luther and Schilow, 
Leitsch. physikal. Chem., 1903, 46, 777), the substance which 
induces the chemical change is known as the “inductor” (for ex- 
ample, potassium permanganate), the substance which takes part 
in both the changes is called the “actor ” (for example, oxalic acid), 
and the third substance is the “‘ acceptor” (for example, mercuric 
chloride). 


A. Ovalic Acid and Mercuric Chloride with Various Oxidising 
Agents as Inductors. 


(1) Inductor—Potassium Persulphate.—Oxalic acid is slowly oxi- 
dised by potassium persulphate according to the equation: 


K,8,0, + H,C,0, = 2CO, + 2KHSQ,. 


The mixtures, to which varying quantities of potassium persulphate 
were added, contained in each case 25 c.c. of V/10-oxalic acid and 
20 c.c. of V/10-mercuric chloride, and the experiments were carried 
out at 100°: 


10104 gram K,S8,O, gave 0°0248 gram HgCl. 
0°0235 K,8;0, 0°0555 HgCl. 
00306 ,, K,S,0, 0°0674 HgCl. 
0°0585 K,S,0, 01937 ,, HgCl. 
00694 K,8,0, 0°2007 HgCl. 
0°0912 K,8,0, 0°2076 HgCl. 
01303 ,, K,S,0, 0°2080 HgCl. 
01884 ., K,8,0, 0°2266 HgCl. 
02381 ,, K,S,O, 0°1888 HgCl. 
03303, «=£K,S,0, 0°1464 HgCl. 
04208 ,, K,S,0, 0°1143 HgCl. 
0°5539 K,8,0, 0°0720 HgCl. 
0°6549 K,8,0, 0°0280 HgCl. 
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As shown by the figures in the foregoing table, the amount of 
mercurous chloride formed increases to a maximum and then falls 
off with the increase in the persulphate concentration. 

Oxalates may be used instead of oxalic acid. Ammonium oxalate 
and mercuric chloride, when boiled, give a slight precipitate of mer- 
curous chloride, but if a small crystal of potassium persulphate is 
first added, a copious precipitate is obtained. 

(2) Inductor-Manganese Dioxide.—The manganese dioxide used 
in these experiments was obtained by allowing potassium perman- 
ganate to act on manganese sulphate in the presence of an excess 
of potassium or sodium nitrate; the precipitate produced consists 
of pure hydrated manganese dioxide. A weighed amount of this 
substance when air-dried was heated with a known volume of 
standard oxalic acid, containing sulphuric acid. A part of the 
oxalic acid was oxidised by manganese dioxide, whilst the excess 
was titrated with standard permanganate. In this way, the amount 
of hydration was determined, and in the following tables the calcu- 
lated amounts of the anhydrous substance are given. 

Each mixture contained 50 c.c. of V/10-oxalic acid and 20 c.c. of 
NV /10-mercuric chloride: 


MnO, added. HgCl produced. 
Gram. Gram. 
at ( 0-0108 0-0975 
25° + 0-0225 0-1174 
0-0269 0-1285 


100° 145 0-1785 


234 0-1842 


at ( 0-0114 0-1546 
0-0 
0-0 


The effect of sulphuric acid on the reaction was studied by adding 
to the mixture 20 c.c. of V/5-sulphuric acid before making up to 
100 c.e.: 

MnO, added. HgCl produced. 


Gram. Gram. 

at { 0-0125 0-0712 
25° + 0-0214 0-0828 
0-0267 0-0875 


100°+ 0-0136 0-1612 
0-0224 0-1695 


at { e138 0-1437 

(3) Inductor—Potassium Nitrite—The solid potassium nitrite 
prepared by the double decomposition of recrystallised silver nitrite 
and potassium chloride (compare Ray and Dhar, T., 1912, 101, 
965) was purified by recrystallisation from water. A solution was 
prepared and standardised by evaporating a known volume in 4 
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platinum crucible on a steam-bath, heating the residue with sul- 
phuric acid, and weighing the potassium sulphate formed. 

Each mixture contained 25 c.c. of N/10-oxalic acid and 20 c.c. of 
y/10-mercuric chloride, and the experiments were carried out 


at 100°: 


00091 gram KNO, gave 0°0590 gram HgCl. 
00181 ,, KNO, 0°0880 HgCl. 
0:0272 ,, KNO, 071171 HgCl. 
00725 +, KNO, 0°1858 HgCl. 
00907 ,, ‘ KNO, 0°1984 HgCl. 
01814 ,, KNO, 0°2071 HgCl. 
04535 ,, KNO, 0°2214 HgCl. 


The amount of mercurous chloride formed increases with the 
increase in the concentration of potassium nitrite. 

When a small quantity of manganese sulphate is also present, the 
amount of mercurous chloride produced is independent of the con- 
centration of potassium nitrite, and almost the whole of the mer- 
curic salt is reduced, as the following table will show: 

In the presence of 0°0654 gram MnSO,: 


0:0091 gram KNO, gave 0°2276 gram HgCl. 
00453 4, KNO, , 02274 ,, HgCl. 
00907 ,, KNO, ,, 0°2276 ,, HgCl. 
(20 e.c. of V/10-mercuric chloride =0°2365 gram HgCl.) 


(4) Induetor—Potassium Permanganate.—The mixtures to which 
varying quantities of potassium permanganate were added con- 
tained in each case 50 c.c. of V/10-oxalic acid and 20 c.c. of V/10- 
mercuric chloride and the experiments were carried out at 25°: 


C.c. of HgCl 
N/10-KMn0O, produced. 

added. Gram. 
1 0-0663 
2 0-0827 
3 0-1063 
5 . 0-1122 
0 0-1224 
0 0-1660 


1 
2 


As shown by the figures in the foregoing table, the amount of 
mercurous chloride formed increases with the concentration of 
Potassium permanganate. If the concentration of permanganate 
is kept constant, the amount of mercurous chloride obtained 
icreases with the increase in the concentration of either the actor 
ow acceptor, as shown by the figures in the following tables: 
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50 c.c. V/10-oxalic acid, 20 c.c. V/10-KMn0O,, and 
30 ,, WV/10-HgCl, gave 0°2026 gram HgCl at 25°. 
20 ,, V/10-HgCl, ,, 01660 ,, HgCl , 
10 ,, V/10-HgCl, ,, 01179 , HgCl ,, 
35 c.c. V/10-oxalic acid, 20 c.c. V/10-KMn0O,, and 
30 ,, W/10-HgCl, gave 0°1412 gram HgCl at 25°. 
20 ” N /10-HgCl, ”» 0°1248 ” HgCl ” 
10 ,, ¥/10-HgCl, , 0°0875 ,, HgCl ,, 


The effect of manganese salt on the reaction was studied by add- 
ing 0°0654 gram of manganese sulphate to the mixture of 50 c.c. of 
V/10-oxalie acid and 20 c.c. of V/10-mercuric chloride: 

C.c. of Cl. 
N/10-KMnO, produced. 
added. Gram. 
2 0-1420 
at 20-| 5 0-1480 
10 0-1551 

The effect of sulphuric acid was studied by adding 4 cc. of 
N /2-sulphuric acid to the same mixture: 

C.c. of HgCl 

N/10-KMn0O, produce 

added. Gram. 
0-0076 


1 

2 0-0616 

3 0-0830 

5 0-0893 
10 0-1067 
20 0-1206 


It will be evident from the foregoing tables that manganese 
sulphate promotes, whilst sulphuric acid hinders the reduction. 
The joint effect of manganese sulphate and sulphuric acid was 
studied by adding 10 c.c. of N-sulphuric acid in one case and 10 c.. 
of N-sulphuric acid and 0°0654 gram of manganese sulphate in the 
other, to the mixture of 25 c.c. of W/10-oxalic acid and 10 c.e. of 


N/10-mercuric chloride: 
HgCl obtained HgCl obtained 
with no man- with 0-0654 gram. 
C.c. KMn0O, ganese salt. 
added. . 


at 5 
100°} 10 
20 : 0-0194 

Hence, even in the presence of sulphuric acid, manganese sulphate 
promotes the reaction. 

(5) Inductor-Chromic Acid.—Chromic acid when added to a mix- 
ture of mercuric chloride and oxalic acid, does not give a precipi- 
tate of mercurous chloride. In a subsequent paper it will be shown 
that the velocity of the oxidation of oxalic acid by chromic acid is 
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low. This oxidation, however, is greatly accelerated by manganese 
salts, and accordingly, if chromic acid and manganese sulphate 
together are added to the mixture of mercuric chloride and oxalic 
acid, a precipitate of mercurous chloride is obtained. 

Ordinary pure chromic acid was several times washed with con- 
centrated nitric acid, then dissolved in the minimum quantity 
of water, and reprecipitated by the addition of concentrated nitric 
acid. This product was heated in a steam-bath in order to free it 
from nitric acid, and finally purified by crystallisation from water. 

The mixtures to which varying quantities of manganese sulphate 
were added contained in each case 25 c.c. of V/10-oxalic acid, 
90 ec. of V/10-mercurie chloride, and 0°00253 gram of chromic 
acid : 

HgCl produced HgCl produced 


MnSO, added. at 25°. at 100°. 
Gram. Gram. Gram. 
0-00327 0-0107 0-0259 
0-00654 0-0306 0-1351 
0-01308 0-0850 0-1685 
0-01962 0-0887 0-1721 
0-03924 0-1042 0-2039 
0-05886 0-1074 0-2142 
0-1308 0-1121 0-2232 
0-1962 0-1120 0-2238 


As shown by the figures in the foregoing table, the amount of 
mercurous chloride formed increases with the concentration of 
manganese sulphate. To the same mixture of mercuric chloride 
and oxalic acid, 0°01962 gram of manganese sulphate and varying 
quantities of chrom# acid were added : 

Chromic acid added. HgCl obtained. 
Gram. Gram. 
te 0-0887 
at | 0-00606 0-1075 


25° ) 0-01515 0-0776 
0-02525 0-0462 


Hence, with a definite concentration of manganese salt, the 
amount of mercurous chloride formed increases to a maximum and 
then decreases with the increase in the concentration of chromic 
acid. 


The effect of sulphuric acid was studied by adding 10 c.c. of 
Ysulphuric acid to the mixture containing 40 c.c. of W/10-oxalic 
acid, 20 c.c. of W/10-mercuric chloride, and 0°0654 gram of man- 
ganese sulphate with varying quantities of chromic acid: 

HgCl produced 
Chromic acid HgCl obtained with 


added. with no H,SO,. 10 c.c. H,SO,. 
Gram. Gram. Gram. 
0-00101 0-1052 0-0474 
0-00253 0-1162 0-0503 
0-00656 0-1254 0-0518 


VOL. CXT. 
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Hence sulphuric acid is a retarder. 

(6) Inductor—Nitric Acid.—Nitric acid by itself cannot produce 
a precipitate of mercurous chloride when it is added to a mixture 
of mereuric chloride and oxalic acid; but nitric acid with man- 
ganese sulphate produces the precipitate. The oxidation of oxalic 
acid by nitric acid is also accelerated by manganese salts. Varying 
amounts of nitric acid were added to the mixture containing 40 c.c. 
of V/10-oxalic acid, 20 c.c. of V/10-mercuric chloride, and 0°1962 
gram of. manganese sulphate, and the following results were ob- 


tained at 100°: 
HgCl 
C.c. N-HNO.,. obtained. 
added. Gram. 
0-1 0-2055 
0-2 0-2052 
0-5 0-2058 

In the presence of manganese sulphate, the amount of mercurous 
chloride produced is independent of the concentration of nitric 
acid. 

The following is a summary of the results obtained with oxalic 
acid as actor: 

(a) The greater the concentration of the inductor the greater is 
the amount of mercurous chloride obtained ; this relation holds up 
to a certain limiting concentration of the inductor, after which an 
increase in the concentration of the inductor is accompanied in 
most cases by a decrease in the amount of mercurous chloride. 

(+) The higher the temperature the greater is the amount of 
mercurous chloride formed. 

(c) The greater the concentration of the actor (that is, oxalic 
acid), the greater is the amount of reduction. 

(d) Sulphuric acid hinders and manganese sulphate promotes the 


reaction. 
B. Tartaric Acid and Mercurie Chloride with various 
Oxidising Agents. 


As in the experiments already described, the total volume of 
the reaction mixture was 100 c.c. All the experiments recorded 
below were carried out at 100°, except where otherwise indicated : 


C.c. tartaric C.c. N/10-HgCl. Vol. oxidising HgCl obtained 
acid used. used. agent added. Gram. 
N/5 25 5 10 c.c. N/10-KMnO, 0-0557 
20 ,, N/10-KMnO, 0-1133 
5 N/10-K,8,0, 0-0143 
10 N/10-K,S,0, 0-0295 
20 N/10-K,8,0, 0-0613 
5 ,, N/5-H,0, 0-0247 
10 N/5-H,O, 0-0478 © 
3 N/10-KMnO, 0-0177 
0-0024 gram at 25°] 
0-0457 


; » 
a 
aangwacg»?’ 
to = = bo bono ton 
wnooan»ncgu ca 


bo 
i 


10. ,, N/10-KMn0, 
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From the foregoing results it appears that the greater the con- 
centration of the inductor, that is, the added oxidising agent, the 
greater is the amount of mercurous chloride formed. With a 
definite concentration of the inductor the amount of mercurous 
chloride formed increases (a) with the concentration of the actor 
(tartaric acid), and (4) with the temperature. 


C. Malic Acid and Mercurie Chloride with Oxidising Agents 
as Inductors. 


In each experiment 30 c.c. of V/10-malic acid and 10 cc. of 
¥/10-mercurie chloride were used, the quantity of inductor given 
in the following table was added, and the volume made up to 
100 cc. Except where otherwise indicated, the experiments were 
carried out at 100°: 

5 ec. V/10-KMnO, gave 0°0297 gram HgCl (0°0070 gram at 

25°). 

3 c.c. gave 0°0189 gram HgCl (0°0035 gram at 25°). 

5 ec. V/10-K,8,0, gave 0°0153 gram HgCl and 3 c.c. gave 

0°0110 gram. 

5 cc. V/5-H,O, gave 0°0112 gram HgCl and 3 c.c. gave 0°0074 


gram. 


D. Malonic Acid and Mercurie Chloride with Oxidising Agents 
as Inductors. 


Twenty-five c.c. of V/10-malonic acid and 10 c.c. of V/10-mer- 
curic chloride were used for each experiment at 100°: 


5 cc. V/10-KMnO, gave 0°0201 gram HgCl and 3 c.c. gave 
00118 gram. 

5 ec. V/5-H,O, gave 0°0159 gram HgCl and 3 c.c. gave 0°0107 
gram. 


E. Glycollie Acid and Mercurie Chloride with Oxidising Agents 
as Inductors. 


Twenty-five e.c. of V/10-glycollic acid and 15 c.c. of V/10-mer- 
curic chloride were used in each experiment at 100°: 


5 ec. V/10-KMnO, gave 0°0113 gram HgCl and 3 cc. gave 
0°0077 gram. 
5 cc. V/10-K,8,0, gave 0°0054 gram HgCl and 3 c.c. gave 
00031 gram. 
10 c.c. V/5-H,O, gave 0°0107 gram HgCl and 5 c.c. gave 0°0069 
gram. 
FF 2 
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F. Citric Acid and Mercurie Chloride with Oxidising Agents as 
Inductors. 


In each experiment at 100°, i0 c.c. of V/10-mercuric chloride 


were used : 
HgCl 
Volume of citric Volume of oxidising obtained. 
acid used. agent added. Gram. 
10 c.c. of N-acid 5 c.ce. of N/5-H,O, 0-0026 

10 »  N-acid 3. , N/5-H,0, 0-0017 
25 »  N/10-acid 5 N/10-KMnO, 0-0167 
25 » N/10-acid 3 N/10-KMnO, 0-0099 


G. Hydrazine Hydrochloride and Mercurie Chloride with 


Potassium Permanganate as Inductor 


In each experiment 20 c.c. of WV-hydrazine hydrochloride and 
10 c.c. of V/10-mercuric chloride were used and measurements 
were made at 100°: 

10 c.c. V-KMnO, gave 0°0314 gram HgCl and 5 cc. gave 

0°0212 gram. 


H. Hydroxylamine Hydrochloride and Mercurie Chloride with 
Potassium Permanganate as Inductor. 


In each experiment at 100°, 15 ¢.c. of N-hydroxylamine hydro- 
chloride and 10 c.c. of W/10-mercuric chloride were used: 

10 cc. N-KMnO, gave 0°0236 gram HgCl and 5 c.c. gave 

0°0114 gram. 

From the experiments recorded in B to H it appears, as from 
the experiments in A, that the greater the concentration of the 
inductor the greater is the amount of mercurous chloride formed. 

The activity of hydrogen peroxide as an oxidising agent in 
these cases, especially with tartaric and citric acids, is greatly 
increased by either ferric or ferrous salt. Thus, if mercuric 
chloride is boiled with tartaric acid and hydrogen peroxide is 
added to the mixture, a small amount of mercurous chloride is 
obtained, but if a drop of a ferric or ferrous salt is added to the 
mixture, an immediate, copious precipitate of mercurous chloride 
is formed. In Fenton’s reagent, ferrous salt is used, but in these 
eases both ferrous and ferric salts are equally active. 

Experiments were made with mercuric bromide instead of 
mercuric chloride, and results similar to those with mercuric 
chloride were obtained with ell the reducing agents. 
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J. Copper Chloride and Organic Acids with Potassium 
Permanganate as Inductor. 


When copper chloride is boiled with tartaric acid, for example, 
no reduction to the cuprous state takes place, but when potassium 
permanganate is added to the mixture, then reduction occurs. In 
these cases, no precipitate of cuprous salt was obtained, but the 
cuprous salt formed remained in solution as part of a complex 
negative ion. 

To this solution potasium iodide was added, and the liberated 
iodine was estimated with stardard thiosulphate. In this way, 
only the copper in the cupric state can be determined. The 
original cupric chloride solution having been treated in the same 
manner, the difference gave the amount of cuprous salt formed. 

In each experiment 0°2194 gram of cupric chloride was used 
and the volume of the reaction mixture made up to 100 c.c., 
measurements being made at 100°: 

Volume of Cuprous salt 


N/10-KMnO, produced. Percentage 
Volume of acid used. Gram. reduction. 
25 ¢.c. of N/2-tartaric ec. 0-0538 25 
25 = - ‘ 0-0266 12 
N-citric - 0-0202 ‘ 
9° in 25 5, 0-0124 
» N/2-lactic es 0-0154 
- - 25 . 0-0101 
» N/5-malic i 0-0112 
me 0-0065 


) 


25 
25 
35 
35 
25 
25 


The foregoing figures show that potassium permanganate pro- 
motes the reduction of cupric chloride by tartaric acid, citric 
acid, ete. 

Oxalic acid cannot be used as a reducing agent, since cupric 
oxalate immediately separates out when the acid is added to the 
cupric salt. 


K. Gold Chloride and Organic Acids with Various Inductors. 


Gold chloride is reduced more rapidly by reducing agents when 
an oxidising agent is added to the mixture. When the reduction 
is effected by hydrogen peroxide and a few drops of potassium 
permanganate are added, the colour of the latter is discharged in 
a few seconds, and almost immediately black particles of gold, 
gradually becoming brown, separate out. This may serve as a 
lecture experiment on induced reactions; instead of hydrogen per- 
oxide, a solution of percarbonate may be used with similar effect. 

The gold chloride used in the following experiments contained 
!'8 grams of gold per litre. The volume of the reaction mixture 
in each case was 25 c.c., and the experiments were made at 25°: 
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Time re. 
Volume of quired for 
gold appearance 
chloride Volume of reducing Volume of oxidising of gold 
agent used. agent added. particles, 
5 e.c. N/10-oxalic acid 0 10’ 
5 e.c. N/10-oxalic acid c.c. N/10 KMnO, 4’ 
5 c.c. N/10 oxalic acid c.c, N/10-KMnO, 2’ 
5 c.c. N/10-tartaric acid 0 
5 c.c. N/10-tartaric acid -3 c.c. N/10-KMn0O, 
5 c.c. N/10-tartaric acid -5 e.c. N/10-KMn0O, 
5 c.c. N/10-citrie acid 0 
5 c.c. N/10-citric acid -5 c.c. N/10-KMnO, 
5 e.c. N/10-citrie acid -75 c.c. N/10-KMnO, 
5 c.c. N/10-malic acid 0 
5 c.c. N/10-malic acid 0-5 c.c. N/10-KMnO, 
5 e.c. N/10-malonic acid 0 
5 c.c. N/10-malonic acid 0-5 ¢.c. N/10-KMn0O, 
10 c.c. N/5-H,O, 0 
10 c.c. N/5-H,O, 0-5 c.c. N/10-KMnO, 
10 c.c. N/100-H,SO, 0 
10 c.c. N/100-H,SO, 0-5 c.c. N/10-K,S,0, 
5 e.c. N/100-H,SO, 0 
5 c.c. N/100-H,SO, 0-1 c.c. N/10-KMnO, 
5 e.c. N/100-H,SO, 0-2 c.c. N/10-KMn0O, 
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L. Silver Nitrate and Organic Acids with Potassium 
Permanganate as Inductor. 


When a solution of silver nitrate is boiled with tartaric acid, 
citric acid, etc., there is practically no reduction, but when 
potassium permanganate is added to the mixture, black silver 
particles separate out. The volume of the reaction mixture was 
made up to 25 c.c. and measurements were made at 60°. In each 
experiment 5 c.c. of V/10-silver nitrate were used: 

Volume of Time required 


Volume of reducing agent N/10-KMnO, for the appear- 
used. added. ance of silver. 

10 c.c. N/5-malic acid 3 c.c. 

10 c.c. N/5-malic acid 

10 c.c. N/5-tartaric acid 

10 c.c. N/5-tartaric acid 

10 c.c. N/4-citric acid 

10 c.c. N/4-citric acid 

10 c.c. N/10-malonic acid 

10 c.c. N/10-malonic acid 

10 c.c. N/10-lactie acid 

10 c.c. N/10-lactic acid 


M. Sodium Selenite and Reducing Agents with Potassium 
Permanganate as Inductor. 


Sodium selenite is not reduced to selenium at the ordinary 
temperature by oxalic acid, tartaric acid, etc.; reduction takes 
place only when potassium permanganate is added to the mixture. 
Measurements were made with 10 c.c. of N/5-sodium selenite at 
25°, the volume of the reactor mixture being 25 c.c. : 
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Volume of 
N/10-KMn0O, Time for the 
Volume of reducing agent used. added. appearance of Se. 
» c.c. N/10-oxalie acid 3 cc. 

».c. N/10-oxalice acid 
».c, N/5-tartaric acid 
».c. N/5-tartaric acid 
».¢, N/4-citric acid 
».c. N/4-citrie acid 

», N/10-malonie acid 
».c. N/10-malonic acid 
».c. N/5-malie acid 
.c. N/5-malie acid 

», N-hydroxylamine hydrochloride 
».c. N-hydroxylamine hydrochloride 
».c. N-hydrazine hydrochloride 

. N-hydrazine hydrochloride 
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From the experiments recorded in the foregoing tables, it 
appears that the greater the concentration of the inductor, 
potassium permanganate, the more rapid is the reduction. 


Change of Conductivity in Induced Reactions. 


With the object of obtaining further information on the course 
of these induced reactions, measurements of electric conductivity 
were undertaken. 

Fresh solutions of all the reacting substances in “conductivity 
water’ were prepared and measurements carried out by the usual 
Kohlrausch method. Experiments were made with oxalic and 
malonic acids as actors, mercuric and gold chlorides as acceptors, 
and potassium permanganate as inductor. The conductivity of 
the reaction mixture falls off very rapidly at first, and as soon as 
the reduction of the metallic salt begins, the conductivity again 
rises slowly. The following table will illustrate a typical change 
if conductivity. Fifty c.c. of V/10-oxalic acid, 20 c.c. of V/10- 
mercuric chloride, and 20 c.c. of NV/10-potassium permanganate 


were mixed : 
Specific conduc- 
tivity at 25°. 
0-00823 
0-00726 
0-00588 
0-00392 
0-00309 
0-00315 
0-00334 
0-00341 
0-00345 
0-00348 
0-00352 
0-00358 
0-00364 
0-00365 
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If the reacting organic acid were first converted into formic 
acid, the fall in conductivity would almost certainly not have 
been so very rapid, and the conductivity measurements do not 
support the view of the intermediate formation of formic acid as 
a product of the oxidation of oxalit or malonic acid. The rapid 
fall of conductivity is most probably due to the oxidation of the 
organic acid (for example, oxalic, malonic, etc.) straight away to 
the almost non-conducting carbon dioxide and water. The second 
slow increase is to be attributed to the formation of hydrochloric 
acid, which is a product of the change. 

Attempts have been made to study the kinetics of these induced 
reactions, and from the experimental results curves showing 
definite period of induction are obtained. No definite conclusion 
as to the course of these reactions can, however, be obtained. 

Mercuric chloride may be used as an indicator showing the 
acceleration of the oxidation of oxalic acid by any substance; 
when there is an acceleration, mercurous chloride is obtained. It 
seems probable that when there is acceleration of the oxidation 
of oxalic acid by a catalyst, a substance with greater reducing 
power than oxalic acid is formed; thus, when the indicator, 
mercuric chloride, is present in the oxidation of oxalic acid by 
chromic acid, mercurous chloride is not formed; on the other 
hand, if manganese sulphate is added to the mixture, there is a 
marked acceleration of the oxidation of oxalic acid by chromic 
acid, and simultaneously a precipitate of mercurous chloride is 
obtained. 

In order to throw further light on these reactions, the kinetics 
of individual reactions involved in these complex changes have 
been separately investigated and are described in the following 
paper. The kinetic measurements will show that the order of the 
oxidation of oxalic acid by chromic acid in the presence of 
manganese salts is quite different from that of the reaction in 
which no manganese salt is present. 

Moreover, it is seen that manganese is quite unique in its 
behaviour in this oxidation; cobalt or iron or chromium salts 
cannot be used instead of manganese salts. 


Discussion of Results. 


In all the experiments on induced reactions recorded above, the 
oxidising agents take part and are themselves reduced during the 
chemical change. According to Wagner (Zeitsch. physikal. Chem., 
1899, 28, 33), these reactions may be regarded as examples of 
pseudo-catalysis. Ostwald uses the term “catalysis by transvec- 
tion” (Uebertragungskatalyse). 
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On consulting the literature on the subject, it is observed that 
practically no instance exactly of this nature is known. The work 
on induced reactions recorded hitherto refers to reactions with 
two reducing agents and one oxidising agent. In the reactions 
investigated in this paper there are two oxidising agents (for 
example, mercuric chloride and potassium) permanganate) and 
only one reducing agent (for example, oxalic acid or sulphurous 
acid). 

At first the primary change, namely, the oxidation of the 
reducing agent by the inductor (potassium permanganate or 
hydrogen peroxide), takes place, and this primary change induces 
or promotes the secondary change, that is, the reduction of the 
acceptor (for example, mercuric chloride) by the actor (for example, 
oxalic acid). In other words, the potential oxidising power of mer- 
curic chloride is activated by the previous oxidation due to the 
inductor. 

The reducing agent divides itself, as it were, between the two 
oxidising agents, and the proportion in which it is divided between 
the two oxidising agents may be termed the induction factor (/) 
(compare Luther and Schilow, /oc. cit.): 


y—2mount of acceptor transformed 
amount of inductor used up. 


It can be shown theoretically that the induction factor would 
be proportional to the ratio of the concentrations of mercuric 
chloride and potassium permanganate at the beginning of the 
reaction. From the figures on p. 693, one finds that 50 c.c. of V /10- 
oxalic acid, 20 c.c. of W/10-mercuric chloride, and 


1 cc. V/10-KMnO, gave 0°0663 gram HgCl=2°9 c.c. WV /10- 
oxalic acid. 
cc. V/10-KMnO, gave 0°0827 gram HgCl=3°5 c.c. V/10- 
oxalic acid. 
cc. V/10-KMnO, gave 0°1963 gram HgCl=4°53 c.c. V/10- 
oxalic acid. 

5 cc, W/10-KMnO, gave 0°1122 gram HgCl=4°95 c.c. N/10- 
oxalic acid. 
cc. V/10-KMnO, gave 0°1224 gram HgCl=5°3 c.c. V/10- 
oxalic acid. 
c.c. V/10-KMnO, gave 0°1660 gram HgCl=7°0 cc. V/10- 
oxalic acid. 


Hence the induction factors are: 


2-9/1, 3°50/2, 4°53/3, 4.95/5 
). TF 


9 1-5 0.99 
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The maximum limit of the induction factor in this reactioy, 
is 3. Consequently it follows that the inductor (potassium per- 
manganate) will receive and oxidise 1 molecule of oxalic acid, 
whilst the acceptor (mercuric chloride) will oxidise 3 molecules. 
On comparing these values of the induction factor (Z) with the 
corresponding ratios of the concentrations of mercuric chloride (C,) 
and potassium permanganate (C;) at the beginning of the reaction, 
the following results are obtained : 

I = 0-35 0-53 0-99 1-50 1-75 2-9 
C./0,= 1 2 4 6-66 10 =. 20 

From the foregoing figures it appears that the induction factor 
increases as the ratio of the concentrations of mercuric chloride 
and potassium permanganate at the beginning of the reaction is 
increased. 

In the phenomenon of co-fermentation we have a physiological 
analogue of these reactions. Magnus (Zeitsch. physiol. Chem., 
1904, 42, 149) has shown that one enzyme is able to do its special 
work only in the presence of another enzyme. Further, Ipatiev’s 
method for the hydrogenation of organic compounds (Ber., 1907, 
40, 1270, 1281; 1909, 42, 2089) furnishes another analogue of 
these reactions. In his method a variety of catalysts—alumina, 
nickel oxide, copper oxide, etc.—is used, and in the presence of 
these catalysts reductions are effected by hydrogen. Here 
oxidising agents (for example, copper oxide, alumina, etc.) are 
used in helping a reduction. Ipatiev tentatively explains the 
process on the assumption that at first the metallic oxide is reduced 
with the formation of water, which regenerates the oxide and 
liberates active hydrogen. 

The mechanism of these induced reactions is still obscure. 
Luther and Schilow’s work (loc. cit.) does not take us further than 
their classification. By some investigators the formation of an 
intermediate compound is regarded as important in the mechanism 
of induced reactions, but Dixon (T., 1886, 49, 94) has pointed out 
that the mere isolation of such a product does not necessarily 
prove that the reaction proceeds in that particular way. The 
assumed intermediate compound may be, in reality, a by-product 
of the reactions. 

In order that a chemical change can occur at all, it must be 
associated with the diminution of free energy. This loss depends 
only on the initial and final stages of the reaction, not on its 
course. On the other hand, the velocity of the reaction is strictly 
proportional to this loss. Hence we should be inclined to con- 
clude that the velocity of the reaction in a given system must 
have the same value, whether the process is direct or indireci— 


Za - 2 = SS a 
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whether it takes place in one or several steps. Such a conclusion 
would be incorrect, for, besides the loss of free energy, the velocity 
of reactions depends on many factors, which are by no means 
all known. Hence Ostwald has urged that the velocity of each 
separate reaction concerned must be actually measured. The 
application of this method to complex reactions yields evidence 
that in some cases at least intermediate compounds are formed. 
The study of the oxidation of oxalic acid by chromic acid with 
and without manganese sulphate (see following paper) has proved 
that although the final products are the same in both cases, yet 
in the presence of the positive catalyst, manganese sulphate, the 
order of the reaction is altogether changed. Hence it seems 
reasonable to suppose that in the presence of manganese sulphate 
some kind of intermediate compound takes part in the change. 

It has been suggested that in induced reactions hydrogen 
peroxide is first formed (compare Kastle and Loevenhart, Amer. 
Chem. J., 1903, 29, 397, 517); but the foregoing results have 
shown that hydrogen peroxide itself is a much less active inductor 
than potassium permanganate. Moreover, a solution of mercuric 
chloride when boiled with hydrogen peroxide gives scarcely any 
precipitate of mercurous chloride. 

As regards the oxidation of organic acids, it is conceivable that 
formic acid is the first product. Pean de Saint Gilles (Amn. 
Chim. phys., 1850) has shown that in sulphuric acid solution the 
oxidation of tartaric acid by potassium permanganate takes place 
according to the equation: 

C,H,O, + 30 = 2H-CO,H + 2CO, + H,0. 

As a matter of fact, the formic acid produced can be distilled 
of and collected. In order to test whether there is any ground 
for assuming the intermediate production of formic acid in the 
oxidation of oxalic acid, the following experiments were made. 
The induction due to chromic acid and manganese sulphate was 
studied at 0°. The reacting substances were previously cooled 
to 0° before mixing, and the reaction was allowed to proceed at 
that temperature for twenty hours; the mercurous chloride formed 
was quickly collected in a Gooch crucible. The total volume of 
the mixture in each case was 100 c.c. 


Twenty-five c.c. V/10-oxalic acid, 20 c.c. V/10-HgCl,, and 


HgCl produced HgCl produced 
Chromic acid. [0-0654 gram MnSO,] [0-0327 gram MnS0O,]. 
Gram. Gram. Gram. 
0-00101 0-0260 0-0185 
0-00253 0-0379 0-0276 
0-00505 0-0470 U-0284 
0-01515 0-0326 0-0202 


F F* 2 
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The experiments show clearly that even at 0° the induction 
takes place. On the other hand, when a mixture of 25 c.c. of 
N/3-formic acid and 20 c.c. of W/10-mercuric chloride was made 
up to 100 c.c. and kept at 0° for twenty hours, no precipitate of 
mercurous chloride was obtained; it was further observed that 
N/10-sodium formate cannot reduce mercuric chloride at 0°. 
Evidently these experiments prove that formic acid cannot be an 
intermediate product in the oxidation of oxalic acid. 

The analogy between these induced reactions and _photo- 
chemical reactions has already been referred to. D. Berthelot 
(Compt. rend., 1910, 150, 1327) stated that oxalic acid when 
exposed to light produced formic acid and carbon dioxide. The 
author has observed that if silver chloride or bromide or mercuric 
iodide is exposed to sunlight with a solution of an oxalate for a 
sufficient length of time, and the mixture is agitated, reduction 
takes place to metallic silver and mercurous salt respectively. On 
the other hand, reduction does not take place in any of these cases 
with formates or formic acid. Again, if an oxalate is added to a 
solution of a cupric salt, a precipitate of cupric oxalate is obtained, 
and if an excess of the oxalate is added, the precipitate dissolves 
to a blue solution. This complex copper oxalate solution is sensi- 
tive to light and decomposes on exposure to sunlight into metallic 
copper and carbon dioxide. On the other hand, the blue solution 
of a complex formate obtained by mixing excess of ammonium 
formate with a cupric salt can be boiled without any change; and 
it does not decompose when exposed to sunlight. 

The facts just cited do not support the idea of the production 
of formates when oxalates and oxidising agents (for example, 
silver salts, copper salts, etc.) are exposed to light. 

In the case of induced reactions, the analogy between the 
behaviour of an inductor and that of light is quite striking; the 
behaviour of a mixture of mercuric chloride and oxalic acid in 
the presence of potassium permanganate and of light is an illus 
tration of the point. Not only is the mixture extremely sensitive 
to both these agents, but the shining crystals of mercurous chloride 
obtained in the two cases as the product of the reaction are closely 
similar in appearance. The analogy between photochemical reac- 
tions and those in which chemical catalysts play a part will be 
further developed in the following paper. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
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LXII1.—Catalysis. Part IV. Temperature Coefficients 
of Catalysed Reactions. 


By Nitratan Duar. 


In the foregoing paper it has been shown that although oxalic 
acid cannot reduce mercuric chloride even when boiled, the addi- 
tion of a few drops of chromic acid and a trace of manganese salt 
is followed by the reduction of the chromic acid, and immediately 
thereafter by the reduction of mercuric chloride. It is the object 
of the present communication to throw light on the mechanism 
of this and other induced reactions, and, further, to study 
the temperature coefficients of reactions influenced by chemical 
catalysts or by light. The effect of change in the concentration of 
the reacting substances on temperature coefficients has also been 
investigated. 

The investigation has covered the kinetics of the oxidation of 
oxalic acid and formic acid by chromic acid, and the oxidation of 
formates and oxalates by iodine, mercuric chloride, and silver 
nitrate. 


EXPERIMENTAL. 
Ozalic Acid and Chromic Acid. 


Oxalic acid is slowly oxidised by chromic acid at the ordinary 
temperature, but at about 25° the velocity of the reaction is quite 
measurable. 

Ordinary pure chromic acid was repeatedly washed with con- 
centrated nitric acid in order to remove potassium salts. The 
washed specimen was dissolved in the minimum quantity of water 
and precipitated with concentrated nitric acid; this product was 
fred from nitric acid by heating it electrically in a vacuum 
desiccator over potassium hydroxide. The product was finally 
purified by recrystallisation from “conductivity water” and dried 
in a steam oven. 

The ordinary pure oxalic acid was first crystallised from water 
to which were added a few drops of hydrochloric acid in order to 
decompose any sodium oxalate if present. This product was 
several times recrystallised from water and dried centrifugally. 

Measured volumes of oxalic acid and chromic acid which had 
been previously brought to a constant temperature in a thermostat 
were rapidly mixed, and the time was noted. After definite 
intervals of time, measured quantities were withdrawn by means 
of calibrated pipettes. The unchanged chromic acid remaining 
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was allowed to act on a mixture of potassium iodide and hydro- 
chloric acid, and the iodine liberated was estimated with standard 
thiosulphate. The thiosulphate solution was prepared in distilled 
water freed from carbon dioxide and was about V/60. 

The thermostat regulators used were spiral ones filled with 
toluene (Lowry type), and the Gétze thermometers (divided into 
tenths) employed in the thermostats were checked against a normal 
thermometer which had been calibrated by the National Physical 
Laboratory. 

Order of the Reaction—The velocity of the reaction may be 
represented by an equation of the form —dc,/dt=ke,"c.", where 
c, and ec, represent concentrations of chromic acid and oxalic acid 
respectively. 

Determination of m.—In the following series of experiments the 
oxalic acid used was in large excess, and hence the concentration 
may be taken as practically constant during the course of the 
reaction; thus the velocity equation takes the following form: 
—de,/dt=(ke,")cy™=k,cy", where k,=ke,". The order of the 
reaction under the conditions specified is therefore the same as m. 

Since the free chromic acid in the solution is equivalent to the 
amount of thiosulphate required, it is sufficient to give for each 
observation the amount of thiosulphate in c.c. The results 
recorded in the following four Tables were all obtained at 25°. 


Tarte I. 


N/5-oxalic acid and V/100-chromic acid. 


Time in C.c. of 

minutes, Thiosulphate. k,=1/tlog c,/ec. 
0-0198 
0-0197 
0-0198 
0-0199 
0-0198 


TasieE II. 


3N /20-oxalic acid and V/100-chromic acid. 


0-00919 
0-00919 
0-00916 
0-00913 
0-00905 
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TaBLeE [TI. 
NV /10-oxalic acid and V/100-chromic acid. 

Time in C.c. of 

minutes. Thiosulphate. k,=1/tlogc,/c. 
31-25 — 
25-6 0-00376 
20-4 0-00356 
15-2 0-00344 
11-85 0-00332 

9-1 0-00320 


TasBLe IV. 
V/20-oxalic acid and NV /100-chromic acid. 


0 34-6 — 
156 27-8 0-000602 
197 26-45 0-000592 
354 21-95 0-000558 
610 15-5 0-000515 
1250 10-25 0-000422 


It appears that, in spite of a slight tendency to fall off, the 
values of k, calculated for m=1 exhibit such a degree of con- 
stancy that the equation indicating a unimolecular reaction may 
fairly be regarded as the appropriate one. Hence, in the presence 
of a large excess of oxalic acid, the oxidation follows the 
unimolecular law. 

Determination of n.—The method used was Ostwald’s “ isolation 
method.’”” As remarked before, the constant k, involves the con- 
centration of the oxalic acid in a manner expressed by the equa- 
tion k,=ke", where k is the intrinsic velocity coefficient, ¢ the 
concentration of oxalic acid, and n the number of oxalic acid 
molecules taking part in the reaction. Supposing that k,’ and kh,” 
are the values of k, obtained in two experiments, in each of which 
the initial concentration of chromic acid is the same, whilst the 
concentrations of oxalic acid are different, say c’, and c"s, the 
following equations are obtained : ; 


pr? , ” ” k : Cc ‘ 
ky’ = ke,'",k,” = ke,'"", whence n= log ie log —2.. 
. c 
1 2 


In using the measurements recorded in the foregoing Tables for 
the purpose of determining n, those values of k, are chosen where” 
the amounts of unchanged chromic acid are approximately equal 
in the separate series. On comparing the Tables, the following 
results are obtained : 


Voncentration of oxalic acid (1) N/5 (2)3.N/20 (3) N/10 (4) N/20 
alue of k, 00198  0-00916  0-00320 0-000422 
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It is evident that the values of k, decrease rapidly as the con- 
centration of oxalic acid diminishes, which indicates a high value 
for the exponent ». The actual values of m calculated are 2-7 
[from (1) and (2)], 2°65 [from (1) and (3)], 2°7 [from (1) and (4)], 
2°65 [from (2) and (3)], 2°85 [from (2) and (4)], and 2°9 [from (3) 
and (4)]. It is seen that m approaches closely to the value 3, and 
the velocity coefficient 4, varies, therefore, as the cube of the con- 
centration of oxalic acid. 

To sum up, the oxidation of oxalic acid by chromic acid is 
unimolecular with respect to chromic acid and termolecular with 
respect to oxalic acid, and consequently the whole reaction is 
quadrimolecular. The course of the change may accordingly be 
represented by the equation: 


The neutralisation of chromium oxide (Cr,O;) by oxalic acid is 
probably extremely rapid, and in this case would not affect the 
velocity of the reaction. 

In order to study the effect of change in the concentration of 
chromic acid, further experiments were made at 25°, the results 
of which may be summarised as follows: 


With .V/4-oxalic acid. 


Concentration of chromic acid y /3 N/100 
Value of k, 03% 0-0317 


With 3N/20-oxalic acid. 


Concentration of chromic acid | /25 N/200 
Value of k, “010 0-0103 


It will be seen from the above figures that the value of the 
velocity coefficient k, appears to vary with the initial concentre- 
tion of the chromic acid, becoming greater as the latter diminishes. 
This variation of k, cannot be ascribed either to varying ionisation 
or to any of the ordinary disturbing effects arising from the pro 
ducts of the reaction, since these would in general exert an 
influence during the course of the reaction, whereas the results 
recorded in Tables I to IV show that the value of k, is practically 
constant under these conditions. The coefficient is obviously 
affected by some factor which remains constant during a pat- 
ticular series of experiments, but varies from one series to another. 

Since the velocity coefficients fall off as the concentration of 
chromic acid is increased, it does not appear justifiable to apply 
any of the methods for determining the order of the reaction 
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which are based on varying dilution, since these assume that the 
velocity coefficient is intrinsically independent of concentration, 
whereas the course of the reaction may be disturbed by secondary 
causes. Thus the well-known formula of Noyes, 


t c 
m=1+ log! [log at J 
ty C 


is derived by integration from the differential velocity equation 
-de/dt=ke”, on the assumption that the velocity & is in- 
dependent of the concentration. In some subsequent experiments 
it will be shown that chromium salts, which are a product of the 
reaction, have practically no effect on the velocity. It has been 
assumed that the action of chromium oxide (Cr,Q,) on oxalic acid 
is practically instantaneous. This would be the case if the oxalic 
acid were in very large excess; but when the oxalic acid is not in 
very large excess this neutralisation may have a definite velocity, 
which would affect the kinetics of the whole reaction, producing a 
retarding effect on the chemical change. This is probably the 
explanation of the fall in the velocity coefficient with the increase 
in the concentration of chromic acid. 

In order to determine the temperature coefficient of the reaction, 
measurements were made at different temperatures. Typical 
examples of the results obtained are recorded in detail in Tables 
Vand VI. 

TaBLE V. 


V/10-oxalie acid and N/200-chromic acid. 
At 25°. 


Time in C.c. of 

minutes. Thiosulphate. ky. 
0 wit 
43-25 2 0-00393 
89 . 0-00386 
130-25 5-3! 0-00378 
191 3° 0-00368 
248 2-05 0-00367 


0-00378 


0-00780 
0-00753 
0-00719 
0-00711 
0-00695 


Hence temperature coefficient for 10° rise =k; 19/k;= 1-94. 
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The results of other measurements with oxalic and chromic acids 
at different temperatures are summarised below: 


N/20-oxalic acid and NV /200-chromic acid. 


Temperature. Mean &;,. Kes so/ke- 
25° 0-000650 \ 1-95 
35° 0-001269 f 


3.V /20-oxalic acid and V/200-chromic acid. 


, 0-0103 | 
, 0-0198 J 


5 
5 


2? 
3 


NV /10-oxalic acid and V/100-chromic acid. 


25° 0-00346 | 
40° 0-00906 

50° 0-0162 5 
60° 0-0279 } 


N /20-oxalic acid and V/100-chromic acid. 


25° 0-000562! 
40° 0-00149 | 
50° 0-00272 | 
60° 0-00472 | 


Applying the Arrhenius formula, log k,/4,=A(T,—Ts)/T7,17%, to 
the results for (a) N/10-oxalic acid and N/100-chromic acid and 
(b) N/20-oxalic acid and W/1CO-chromic acid, we obtain the 
following results: 


(a) (b) 
A= 2600 A=2613 
A AL 


Temperature. k (found). k (cale.) k (found). k (cale.) 
25° (0-00346) (0-00346) . (0-000566) (0-000566) 
40° (0-00906) (0-00906) (0-00149) (0-00149) 
50° 0-0163 0-0163 0-00272 0-00270 
60° 0-0280 0-0281 0-:00472 0-00476 


The next point investigated was the effect of sulphuric acid on 
this reaction, and measurements were made at different tempera- 
tures with different concentrations of sulphuric acid. The follow- 
ing is a summary of the results obtained : 


N /20-oxalic acid and V/100-chromic acid. 


Concentration of H,SO,... 0 N/50 N/20 N/i0 
0-000562 0-000796 0-00105 0-00128 


Concentration of H,SO,... N/5 3N/5 8 N/5 4/N 
0-00153 0-00149 0-000890  0-000357 
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N/10-oxalic acid and V/100-chromic acid 
Concentration of H,SO, 0 N/5 7N/2 
0-00346 0-00644 0-00140 

Hence it appears that sulphuric acid at moderate concentrations 
accelerates the reaction, and in large excess retards it. 

In order to determine the temperature coefficient of the oxidation 
of oxalic acid by chromic acid in the presence of sulphuric acid, 
measurements were made at 40° and 50°, and the following is a 
summary of the results: 


3N /20-oxalic acid, V/100-chromic acid, and N/5-sulphuric acid. 


Temperature. Mean fy. Kra109/he- 
25° 0-01412) RG 
50° 0-0665 f sated 


N/10-oxalic acid, V/100-chromic acid, and NV /5-sulphuric acid. 


25° 0-00644 , 
50° 0-0309 } seas 


V/20-oxalic acid, V/100-chromic acid, and 1 /10-sulphuric acid. 


25° 0-00128 ieee 
50° o-oos94p = 8 


V/20-oxalic acid, V/100-chromic acid, and V/5-sulphuric acid. 
25° ' 
Sauls) te 
The temperature coefficient of the oxidation of oxalic acid by 
chromic acid without sulphuric acid is 1°85. It appears, therefore, 
that the temperature coefficient remains unaltered in the presence 
ofa small amount of sulphuric acid. 

In order to determine the temperature coefficient in the presence 
of an excess of sulphuric acid, measurements were made at 40°. 
It has already been pointed out that in large excess, sulphuric acid 
acts as a negative catalyst in the oxidation of oxalic acid by 
chromic acid. The results are summarised as follows: 


¥/10-oxalic acid, V/100-chromiic acid, and 7¥/2-sulphuric acid. 
Temperature Mean &k,. ke+109/Ke- 
25° 0-00140) 2.61 
40° 0-00591 J i 
¥/20-oxalic acid and WV/100-chromic acid. 


Voneentration of H,SO, Fol 
k, at 40° : ey 
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From the foregoing results, it appears that in the presence of 
an excess of sulphuric acid the temperature coefficient is larger 
than that obtained in its absence, and the greater the concentra. 
tion of the acid the greater is the value of the temperature 


coefficient. 


Effect of Manganese Salts on the Oxidation of Oxalie Acid by 
Chromic Acid. 


It has been observed that manganese salts markedly accelerate 
the oxidation of oxalic acid by chromic acid. A stock solution of 
recrystallised manganese sulphate was prepared and standardised 
by precipitating the manganese as carbonate by ammonium 
carbonate. The precipitate was allowed to remain at about 80° 
for two hours, then collected, heated in a porcelain crucible, and 
weighed as Mn,O,. W/20-oxalic acid and W/100-chromic acid 
were used in each experiment with different amounts of manganese 
sulphate, and measurements were made at 25°. 


Taste VII. 
0°03926 gram of MnSO, in 500 c.c. 


C.c. of 
Time in thio- 
minutes. sulphate. 
0 


k, (unimolecular). ky (/t). 


14 
43 
75 
106 
138 


0-00279 
0-00351 
0-00390 
0-00437 
0-00509 


Taste VIII. 


0°06544 gram of MnSQ, in 500 c.c. 


0 
15 
30 
50 
65 


85 


31-3 
26-6 
21-5 
15-25 
11-4 
6-6 


0-00470 
0-00544 
0-00624 
0-00675 
0-00795 


TaBLe IX. 


0°13088 gram of MnSOQ, in 500 c.c. 


0 
11 
21 
3l 
41 
52 


31-3 
25-35 
19-42 
14-1 
9-35 
4-8 


0-00831 
0-00987 
0-01117 
0-01280 
0-01566 


0-20 
0-21 
0-21 
9-20 
0-18 
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TaBLE X. 


0'19632 gram of MnSO, in 500 c.c. 
C.c. of 
Time in thio- 
minutes. sulphate. k, (unimolecular). ky (x/t). 


0-01132 0-73 
0-01420 0-78 
0-01680 0-77 
0-01893 0-75 
0-02208 0-72 


Assuming that the velocity is proportional to the concentration 
of manganese sulphate, the course of the reaction may be repre- 
sented by the equation 

—de,/dt=ke,"c,." .h, 
where c, and ¢, represent the concentrations of chromic acid and 
oxalic acid respectively and h represents the concentration of 
manganese sulphate. If the concentration of oxalic acid is made 
large compared with that of chromic acid, the concentration of 
the former does not sensibly alter during the course of the reac- 
tio, and the equation takes the form ~ 
— de, /dt = (key")eh = kc, 

where k,=h.ke."; if m=1, the reaction would be unimolecular, 
and on integrating we get k,=1/tloge,/c,, and, as a matter of 
fact, in the absence of manganese sulphate the reaction is 
wimolecular, as previously shown. If, on the other hand, m=0, 
the expression becomes —dc,/dt=k, or c,/t=k,, that is, if the 
velocity of the reaction were independent of the concentration of 
chromic acid, we should have c,/t=const. or x/t=ky, where 
r=difference in the thiosulphate readings. ; 

In the foregoing Tables, the unimolecular coefficient and this 
new coefficient (2/t=const.) are both set out, and it is seen that 
the unimolecular coefficient, far from being constant, increases 
notably with the time, whilst this new coefficient is almost constant. 
Hence it appears that in the presence of manganese sulphate, the 
velocity of the oxidation is independent of the concentration of 
chromic acid. 

Homogeneous reactions in which the velocity is independent of 
the concentration of one of the reacting substances are of rare 
ocurrence. One case is described by Friend (T., 1906, 89, 1096), 
who studied the reaction between hydrogen peroxide and potassium 
persulphate and found that the velocity was independent of the 
concentration of the peroxide provided the latter was present in 
large excess. Another case has been investigated by Steele (T., 
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1907, 91, 1641), who found that in the oxidation of hypophos. 
phorous acid by iodine in the presence of hydrogen ions the 
reaction-velocity is independent of the iodine concentration. 
Such behaviour is usually attributed to complications due to the 
occurrence of consecutive reactions, and in the present case it 
appears that the reaction occurs in two stages, one very much 
faster than the other, and that the chromic acid does not take 
part in the slower or controlling reaction (compare Skrabal, 
Zeitsch. anorg. Chem., 1904, 42, 1; Jablezyiiski, ibid., 1908, 
60, 38). 

Although from the experiments recorded above it appears that 
the velocity of the oxidation of oxalic acid by chromic acid in 
the presence of manganese sulphate is independent of the con- 
centration of chromic acid, yet, when the concentration of man- 
ganese sulphate is exceedingly small, the reaction appears to be 
unimolecular. The following Tables will indicate the results 
obtained with very small concentrations of manganese sulphate. 


N /20-oxalic acid and V/100-chromic acid at 25° with 
TaBLe XI. ! Taste XII. 


(a) 0°00393 gram of | (b) 0°00262 gram of 
MnSO, in 500 c.c MnSO, in 500 c.c. 


Time in C.c. of k, (uni- Time in C.e. of k, (uni- 
minutes. thio- molecular). |minutes. thio- molecular). 
sulphate. sulphate. 
31-3 -= 
27-3 0-000790 
24-4 0-000783 
22-4 0-000773 21-3 
20-35 0-000763 } “32 0-000651 


In the following experiments, the joint effect of both sulphuric 
acid and manganese sulphate was studied at 25°. 


NV /20-oxalie acid, V/100-chromic acid, and WV /20-sulphuric acid. 
TaBLe XIII. | TaBLeE XIV. 


With 0°06544 gram of With 0°01309 gram of 
MnSQ, in 500 c.c. MnSQ, in 500 c.c. 

0 33-6 — 33-6 — ~— 
10 30-2 0-00463 0-34 1 31-35 0-00200 
30 ° 0-00680 0-42 37 28-2 0-00206 
45 -9i 0-00781 0-41 y 23-6 0-00213 
63 “9! 0-00911 0-40 32 17-0 0-00224 
85 3: 0-01234 0-36 — — _ 


0-1 
0-1 
0-1 
0-1 


Hence, even in the presence of sulphuric acid the reaction 
velocity is independent of the concentration of chromic acid. 
In order to determine the temperature coefficient of the oxida- 
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tion of oxalic acid by chromic acia in the presence of manganese 
sulphate, measurements were made at various temperatures. 

NV /20-Oxalic acid and W/100-chromic acid were used in each 
experiment with different quantities of manganese sulphate. 


TABLE XV. 


With 0°02617 gram of MnSO, in 500 c.c. 


At 25°. At 40°. 
Time C.c. ky Time C.c. ky 
in ofthio- (unimole- in of thio- (unimole- 
minutes. sulphate. cular). k,(z/t). minutes. sulphate. cular). ko(x/t). 
— — 0 33-3 — — 
0-00206 0-15 8 27-27 0-0108 
0-00249 0-16 18 ; 0-0123 
0-00265 0-16 27 > 0-0137 
0-00292 0-16 35 6 0-0153 
0-00351 0-16 45 “ 0-0184 


Mean 


Therefore ky 49/k,= 2°67. 


TaBLE XVI. 
With 0°7050 gram of MnSO, in 500 c.c. 


At 0°. At 25°. 
Time C.c. k, | Time C.c. ky 
in of thio- (unimole- | in of thio- (unimole- 
minutes. sulphate. cular). k(z/t). | minutes. sulphate. cular). kp (2/t). 
33-3 _ — , 90 33-3 — —_ 
26-9 0-00154 0-107 | 4 27- 0-0207 
19-3 0-00195 0-117 12 “6! 0-0350 
14:05 0-00214 0-110 16 ° 0-0394 
10-9 0-00215 0-100 20 ° 0-0420 
8-0 0-00225 0-092 | — — 
| 
Mean ... ... 0-105 Mean ... 
Therefore kz4.49/k: between 0° and 25° =2-93. 


— et ee 


sth ~1te o> 
- 1 
teoote Go 


Mm oe 
aanSsce 


As has been previously observed, in the presence of manganese 
sulphate the oxidation of oxalic acid by chromic acid is in- 
dependent of the concentration of the latter. Hence the reaction 
becomes of an order lower than that of the reaction in the 
absence of manganese salts. It is well known that reactions in 
which one or two molecules take part have larger temperature 
coefficients than those of reactions of higher order (compare 
Halban, Zeitsch. physikal. Chem., 1909, 67, 129). 

The temperature coefficient of the oxidation of oxalic acid by 
chromic acid is 1:94 between 25° and 40°, whilst in the presence 
of manganese salts it is 2°68 between 25° and 40° and 2°95 between 
0° and 25°, agreeing with other known examples. 
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Effect of Other Catalysts on the Oxidation of Oxalic Acid by 
Chromic Acid. 


Summary of results obtained with WV /10-oxalic acid and NV /100- 
chromic acid and different concentrations of molybdic acid: 


Concentration of er 

acid ove ‘ eee 0 0-0063 0-0082 0-01367 
k, at 25°... --- 0-00353 0-00173 0-00145 0-00086 
Pomperntuce coefficient . 1-92 1-99 2-0 2-05 

From the above hans it appears that the negative catalyst, 
molybdic acid, produces an increase in the value of the tempera- 
ture coefficient. 

Summary of results obtained with ammonium molybdate as a 
catalyst with V/10-oxalic acid and V/100-chromic acid: 


Molar’ concentration of 

molybdate i oon 0 0-000463 0-000926 0-002315 
k, at 25°... ..- 0-00353 0-00245 0-00180 0-000766 
Temperature coefficient ... 1-92 1-99 2-01 2-08 

Summary of results with boric acid as a catalyst with /10- 
oxalic acid and NV /100-chromie acid: 
Concentration of 

boric acid 0 0-01434 00-0358 0-0716 0-216 0-432 
k, at 25° 0-00353 0-00343 0-00317 0-00283 0-00207 0-00138 
Temperature 

coefficient -92 1-95 1-99 2-0 2-11 2-24 

Both ammonium molybdate and boric acid are retarders. Ihe 
greater the retardation the greater is the value of the tempera- 


ture coefficient. 


Formic Acid and Chromic Acid. 


Formic acid can also be oxidised by chromic acid; at equal 
concentrations the velocity of the oxidation of formic acid is 
decidedly smaller than that of the oxidation of oxalic acid. Hence, 
in measuring the velocity at 25°, fairly concentrated solutions of 
formic acid have been used. The experimental method is the 
same as in the oxalic acid oxidation; since formic acid is volatile, 
especially at the higher experimental temperatures, tightly fitting 
stoppered Jena-glass bottles were used as reaction vessels. Kahl- 
baum’s pure formic acid was used throughout the measurements. 
From a concentrated stock solution of 15 litres, suitably diluted 
solutions were prepared. In this case, also, the free chromic acid 
in the reaction mixture was estimated from time to time by the 
iodometric method, and the amounts of sodium  thiosulphate 
required are recorded in the tables. From comparative experi- 
ments it was first established that the presence of free formic acid 
or oxalic acid did not interfere with the accuracy of the estima 
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tion of chromic acid by the iodometric method; as a rule, in the 
estimation of chromic acid by this method, an excess of hydro- 
chloric acid was used, and the velocity of the oxidation of formic 
or oxalic acid by iodine, especially in the presence of hydrochloric 
acid, is negligible. The velocity of the reaction may be repre- 
sented by the equation —dc,/dt=ke,"c.", where c, and c, denote 
concentrations of chromic and formic acids respectively. 
Determination of m.—In the following series of experiments, 
the formic acid used was in large excess, and hence the concen- 
tration may be taken as practically constant during the course of 
the reaction; the velocity equation takes the following form: 
—de,/dt=(keg")e,;" =k,cy", where k,=ke,”. Hence the order of 
the reaction is the same as m. 
The results recorded in the following Tables were all obtained 
at 25°. 
TABLE I. TaBie II. 
6166 V-formic acid and 3°083 N-formic acid and 
N /30-chromic acid. | NV /30-chromic acid. 
C.c. of C.c. of 
Time in __ thio- Time in thio- 
minutes. sulphate. k,=1/t log cg/c. minutes. sulphate. ky. 
52-1 e 0 52-1 _— 
26-55 0-00308 135 45-15 0-000460 
19-95 0-00309 285 38- 0-000460 
12-6 0-00308 525 29- 0-000466 


7-4 0-00308 1416 ° 0-000462 
5-0 0-00308 1817 . 0-000460 


Mean 0-00308 :..- 0-000462 


Taste III. TaBLE IV. 

2466 N-formic acid and 2-966 N-formic acid and 

N /30-chromic acid. N /30-chromic acid 

56-1 —_ 0 55-4 —- 
49-0 0-000245 155 : 0-000413 
42-9 0-000245 335 +25 0-000412 
26-6 0-000241 555 32- 0-000410 
19-0 0-000247 1360 . 0-000413 


TaBLeE VI. 
5933 N-formic acid and 2°3733 N-formic acid and 
N /30-chromic acid. NV /30-chromic acid. 


56-1 —- 0 56- — 

33-0 0-00277 247 , 0-000220 
24-75 0-00273 504 , 0-000221 
19-2 0-00274 1450 ° 0-000219 
13-3 0-00275 1990 } 0-000220 


Mean 0-00275 | 0-000220 
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From the foregoing results it appears that the values of k, 
calculated for m=1 exhibit such a degree of constancy that the 
equation indicating a unimolecular reaction may fairly be 
regarded as the appropriate one. Hence, in the presence of an 
excess of formic acid, the oxidation is a unimolecular reaction. 

Determination of n—The “isolation method” is also used jn 
this oxidation. Supposing that 4,’ and k,” are the values of &, 
(in the equation k,=e") obtained in two experiments, in each of 
which the initial concentration of chromic acid is the same, whilst 
the concentrations of formic acid are different, say ¢,/ and c,", the 
following equations are obtained: k,/=ke,", k,”=ke,"", whence 

n= log er | log oF 

On comparing the Tables I—VI, the following results are 
obtained : 


; (5) (6) 
Concentration of 

formic acid ... 6-166 3-083 2-466 2-966 5-933 2-373 

k, at 25° 0-00308 0-000462 0-000245 0-000412 0-00275 0-000220 

It is evident that the value of /, decreases rapidly as the con- 
centration of formic acid diminishes, which indicates a high value 
for the exponent ». The actual values of » obtained by conm- 
bining these results are 2°7, 2°8, 2°75, 2°96, 2°8, 2°85, 2°96, 2°75, 
2°84, 2°75, 2°8, 2°75, 2°8, and 2°76. It is seen that m approaches 
closely to the value 3, and the velocity coefficient /, varies, there 
fore, as the cube of the concentration of formic acid. 

To sum up, the oxidation of formic acid also is unimolecular 
with regard to chromic acid and termolecular with respect to 
formic acid, and consequently the whole reaction is quadri- 
molecular. The course of the change may accordingly be repre 
sented by the equation 

H,Cr,0, + 3H-CO,H = Cr,O, + 6H,O + 3CO,,. 

The action of chromium oxide (Cr,O;) on formic acid may be 
assumed to be extremely rapid and to be without effect on the 
velocity of the reaction. From the kinetic measurements it is seen 
that only one molecule of chromic acid takes part in the reaction, 
and consequently these measurements support the view that the 
formula of chromic acid is H,Cr,0; and not H,CrO,; had it been 
H,CrO,, two molecules of chromic acid should have taken part in 
the reaction (compare Datta and Dhar, J. Amer. Chem. Soc., 1916, 
38, 1303). 

In order to study the effect of change in the concentration of 
chromic acid, further experiments were made at 25°, the results 
of which may be summarised as follows: 
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With 3°083 N-formic acid. 


Concentration of chromic acid ... N/15 N/30 N/60 
hey At 25°. .creecrecrseceeeecceseeseeers 0-000461 0-000462 0-000462 


With 2°966 N-formic acid. 

Concentration of chromic acid... N/30 N/60 
0-000413 0-000412 

Hence in this reaction, if we use an excess of formic acid and 
vary the concentration of chromic acid, we find that the 
unimolecular coefficient does not change with the chromic acid 
concentration. In the presence of an excess of formic acid, there- 
fore, the reaction is strictly unimolecular and there are no dis- 
turbing factors. 

In order to determine the temperature coefficients of the reac- 
tion, measurements were made at different temperatures. Typical 
examples of the results obtained are recorded in detail in Tables 
VII, VIII, and IX. 

TaBLe VII. 


2966 V-Formic acid and NV /30-chromic acid were used in each 
experiment : 


At 40°. 
ky. 


0-00124 

0-00125 

0-00122 Table LV gives k, at 25°=0-000412. 
0-00122 Therefore ky449/k,= 2-07. 

0-00123 


0-00123 


TaBLeE VIII. 


55-35 

43-95 . a 

33-05 002 From Tables VII and VIII we get 
22-85 . y Ke4j9/ke between 40° and 50°= 
16-35 002! 2-02. 

12-0 


Mean...... 


57-0 

37-7 

25-9 . From Tables VIII and IX we get 
17-95 . kis19/ke between 50° and 60°= 
10-7 0-00474 1-9. 


Mean...... 0:00479 
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Applying the Arrhenius formula log k,’/k,"=4A . (7,—7,)/7,7,, 
we get the value of A =3015. : 


Temperature. ky (obs.) k, (eale.). 
25° (0-000412) (0-000412) 
40° 0-00123 0-000125 
50° (0-00250) (0-00250) 
60° 0-00479 0-00476 


In order to study the effect of change in the concentration of 
formic acid on the temperature coefficient, measurements were 
made with different concentrations of formic acid and W/30. 
chromic acid, and the results obtained are summarised below: 


Temperature 
5-933 N-formic interval 25—40° 40—60° 
acid Temperature 
| coefficient 2-05 


Temperature 
3-083 N-formic interval 25—35° 
acid Temperature 
coefficient 2-09 


Temperature 
2-966 N-formic interval 50—60° 
acid / Temperature 


coefficient 2. 1-90 


( Temperature 
1-186 N-formic interval 40—50° 50—60° 
acid ; Temperature 
coefficient — 2-01 1-90 


From the above figures it appears that change in the concentra 
tion of formic acid has no appreciable effect on the temperature 
coefficient. 

Effect of Sulphuric Acid—The effect of sulphuric acid was 
studied at various temperatures with different concentrations of 
the acid. Typical examples of the results obtained are recorded 
in Table X. 

TABLE X. 


3°083 N-Formic acid, V/30-chromic acid, and 1 /6-sulphuric 


acid. 
At 50°. 


a-Z. 
. 55-9 
0-00120 y 40-8 
0-00118 § 31-2 
0-00118 25-4 
0-00120 { 17-1 


0-001 19 Mean 
Therefore ky 9/k;= 1-87. 
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Summary of results obtained with 3°083 W-formic acid and 
y /30-chromic acid : 

Concentration of H,SO, N/6 N/3 2N/3 

k, at 25° 0-000462 0-00119 0:00262 0-00603 


Temperature coefficient be- 
tween 25° and 50° 2.0% 1-87 1-86 1-84 


From the foregoing results it appears that in the presence of 
sulphuric acid the oxidation of formic acid by chromic acid is 
greatly accelerated and has a lower value for its temperature 
coefficient, and the greater the concentration of sulphuric acid the 
greater is the fall. Experiments were made with other concen- 
trations of formic acid, using sulphuric acid as an accelerator. A 
summary of the results obtained wiil be found in the following 
Tables. In each case V/30-chromic acid was used. 


TABLE XI. 


Concentra- 

Concentra- tion of 
tion of sulphuric Mean k, Mean k, 

formic acid. acid. at 25°. at 50°. Ke+19/he- 
1-233 N 0 0-000055 0-000330 2-04 
1-233 NV N/6 0-000348 0-00162 1-85 
1-233 N 0-000766 0-00356 1-84 
1-233 N 0-00161 0-00724 1-83 
0-616 N 0 0-0000092 0-000055 2-04 
0-616 N 0-000144 0-000673 1-85 
0-616 N / 0-000320 0-00148 1-84 
0-616 N 2N /% 0-:000748 0-00340 1-83 


TaBLe XII. 


Concentra- 

Concentra- tion of 
tion of sulphuric Mean k, Mean k, 

formic acid. acid. at 25°. at 40°. hesi0/Ke- 
1-186 N 0 0-0000515 0-000154 2-07 
1-186 N N/5 0-000304 0-000802 1-91 
1-186 N 3N /5 0-00122 0-00317 1-89 
1-186 N 6N/5 0-00373 0-00948 1-85 
0-593 N 0 0-0000084 0-0000251 2-07 
0-593 N N/3 0-000253 0-000662 1-90 
0-593 N 19N/15 0-00112 0-00291 1-88 


From all these results it is seen that there is a slight fall in 
the temperature coefficient with the increase in the concentration 
of sulphuric acid. 

The next point investigated was the effect of manganese sulphate 
on the oxidation of formic acid by chromic acid. From qualita- 
tive experiments it was observed that manganese salt was a 
tetarder in this reaction, whilst it had been previously shown that 


itis a great accelerator in the oxidation of oxalic acid by chromic 
acid, 
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TaBLe XIII. 
At 50°. 
6166 V-Formic acid, V/30-chromic acid, and 0°000164 gram of 
MnSO,. Volume of mixture=150 c.c. 


0-0133 
Mean 0-0133 


k, at 50° without any manganese sulphate=0°0177; hence this 
reaction is very susceptible to the retarding influence of manganese 
sulphate even in very small concentration. The following is the 


summary of results obtained with 6°166 V-formic acid and 


N/30-chromic acid at 50° with different concentrations of 


manganese sulphate: 
Gram of MnSO, 0 0-000164 0-01636 0-0654 0-0819  0-3272 
k, at 50° 0-0177 + 0-0133 0-00763 0-00675 0-00661  0-00627 
From the summary, it is seen that the greater the amount of 
manganese sulphate the greater is the retardation. 
The following is the summary of results obtained with 


3°083 N-formic acid and V/30-chromic acid at 50°: 
Gram of MnSQ,... 0 0-0000164 0-000164 0-00164 
0-00272 0-00264 0-00225 0-00154 

Hence it is seen that the oxidation of formic acid by chromic 
acid is extremely sensitive to the retarding influence of manganese 
sulphate, so much so that 0°0000164 gram of manganese sulphate 
in 150 c.c. appreciably affects the velocity coefficients. 

In order to determine the temperature coefficient of the oxida- 
tion of formic acid by chromic acid in the presence of manganese 
sulphate, experiments were made at several temperatures. 
Typical results are given in the following Table. 


TaBLeE XIV. 
3083 N-Formic acid, V/30-chromic acid, and 0°02617 gram of 


0-000189 
0-000189 
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Therefore kr410/ke= 2°10; the temperature coefficient without 
any manganese salt is 2°09. Hence in the presence of manganese 
sulphate the temperature coefficient remains unaltered. The 
following is a summary of the results obtained with 6°166 N-formic 
acid and .V/30-chromic acid with different concentrations of 


manganese sulphate : 
Gram of MnSO, 0-0654 0-0819 0-3272 
k, at 25 0-00308 0-00115 0-00112 0-00106 
Temperature coefficient 

between 25° and 50° 2-03 2-03 2-03 2.03 

The following Table summarises the results obtained with 
9:966 V-formic acid and N/30-chromic acid with greater concen- 
trations of manganese sulphate. 


TABLE XV. 
Grams of Mean k, Mean k, 
at 25°. at 50°. 
0-000413 0-00250 
0-000141 0-000841 
0-000122 0-000734 
0-000136 0-000809 
0-000138 0-000810 
0-000142 0-000860 
0-000172 0-000970 


It appears from the foregoing results that the temperature 
coefficient in the presence of the negative catalyst, manganese 
sulphate, does not change. Also it is seen that if the concen- 
tration of manganese sulphate is increased, the velocity coefficient 
falls off to a certain limiting value and then increases with the 
increase in the concentration of the catalyst. 

The joint effect of sulphuric acid and manganese sulphate on 
the oxidation of formic acid by chromic acid was also investigated 
at 50°, 


TaBLeE XVI. 


1233. V-Formic acid and N/30-chromic acid. Volume of 
mixture=150 c.c. 


(a) With 0-01309 gram ef MnSO,. (6) With 0-01309 gram of MnSO, 
| and N/3-sulphuric acid. 


a-x. 
55-6 
47-35 
34-65 
20-0 
15-25 


mot mor ® 
PIKeoeol 
Oe AIoaAk 


Mean 
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k, without any sulphate =0°000330, whilst £, with V /3-sulphuric 
acid but no manganese sulphate=0°00356. Consequently even 
in the presence of the accelerator, sulphuric acid, manganese 
sulphate has a retarding effect. 

Next, the effect of manganese chloride was studied. The salt 
was purified by crystallisation from water. The following is a 
summary of the results obtained with manganese chloride as a 
catalyst and 3°083 N-formic acid and NV /30-chromic acid: 


Concentration of MnCl, 0 0-0018 0-0090 0-0179  0-0359 
By ORT sivciccensasscnicsess 0-000462 0-000205 0-000190 0-000179 0-000169 
Temperature coefficient 

between 25° and 40°... 2-06 2-10 2-11 2-12 2-14 
Concentration of MnCl, 00718 0-1795 0-359 0-718 
Bi GB BP vncsusiserccennsacese 0-000164 0-000180 0-000207 0-000300 
Temperature coefficient 

between 25° and 40°... 2-14 2-16 2-15 2-14 


Hence manganese chloride, like manganese sulphate, even in 
dilute solutions, produces a marked retarding effect on this reac. 
tion. If the concentration of the manganese salt is increased, the 
velocity coefficient falls off to a minimum and then increases with 
the increase in the concentration of the catalyst. This peculiar 
behaviour of the catalyst in fairly dilute solutions (for example, 
the maximum concentration used is 0°718 1) is seldom encountered 
(compare Tubandt, Annalen, 1905, 339, 41; 1907, 354, 259; 
1910, 377, 284). 

Moreover, it will be seen from the foregoing summary that the 
temperature coefficient in the presence of the negative catalyst is 
appreciably higher than that obtained without any manganese 
chloride. 

It is known that molybdic acid is a powerful catalyst in some 
oxidations, and its effect on this reaction was studied, NV /30-chromic 
acid being used in each experiment. 


Molar con- 
Concentra- centration 


tion of of molybdic Mean k, Mean k, kearolk 

formic acid. acid, at 25°. at 406°. dell 
2-966N 0 0-000412 0-00123 2-07 
0-005 0-000416 0-00125 2-08 


99 


Hence molybdic acid acts as a weak positive catalyst on the 
oxidation of formic acid by chromic acid, whilst it has been shown 


previously that in the oxalic acid oxidation it is a negative * 


catalyst. 
Sodium Formate and Iodine. 
Formates are easily oxidised by iodine at the ordinary temper 
ture, and this reaction has a conveniently measurable velocity. 
The course of the reaction is represented by the equation: 
H-CO.Na + I,=NaI+ HI+ CO,. 


DHAR: CATALYSIS. PART Iv. 727 


The hydrogen ions formed as a product of the change greatly 
retard the reaction, and in order to avoid their formation an 
excess of a salt of a weak acid (for example, sodium acetate) was 
always used; in this way the course of the reaction became 
regular. 

Ordinary pure iodine was mixed with a little potassium iodide 
and was allowed to sublime very slowly. This product was again 
sublimed. Schuchardt’s pure sodium formate was recrystallised 
from water. A standard solution was prepared by evaporating a 
measured volume of the solution in a platinum crucible, heating 
the residue with sulphuric acid, and weighing the sodium sulphate 
formed. The potassium iodide used was twice crystallised from 
water and dissolved in water free from oxygen. The solution of 
the iodide was standardised by weighing the silver iodide obtained 
from a known volume of the solution. 

In order to avoid loss of iodine by volatilisation, tightly fitting 
stoppered Jena-glass bottles were used as reaction vessels. From 
time to time measured volumes were withdrawn from the reaction 
vessel, which was placed in a thermostat at a constant tempera- 
ture, and were allowed to run into ice-cold distilled water to stop 
the reaction, and the free iodine was immediately titrated by 
standard thiosulphate. The velocity of the reaction may be repre- 
sented by the equation —dc,/dt=ke,"c.", where c, and cy are the 
concentrations of iodine and formate respectively. Since iodine 
dissolves very sparingly in water, in order to prepare a moderately 
concentrated solution potassium iodide must be used. I+ is well 
known that in a potassium iodide solution of iodine there is the 
following equilibrium, KI; — KI+I,, and the greater part of the 
dissolved iodine exists as KI, Hence, even if a large excess of 
sodium formate in comparison with the total iodine is not used, 
owing to the presence of potassium iodide, the concentration of 
free iodine is much diminished, and the concentration of formate 
is actually large in comparison with that of free iodine. Con- 
sequently the velocity equation takes the following form: 
~de,/dt=(ke.")e"=k,c,”, where k,=key". The order of the 
reaction is therefore the same as m. 

In the three following Tables 1°27 grams of iodine and 5°4132 
grams of potassium iodide were uséd with different concentrations 
of sodium formate, and the measurements were made at 25°; the 
total volume of the mixture was 150 c.c. 


VOL, CXI. 
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TaB_e I. TaBLeE II. 


3°4004 Grams of sodium formate. 1°7002 Grams of sodium formate. 


Time in C.c. of k,=1/tloge,/c. Time in C.c. of k,=1/flogey/e, 
minutes. thio- minutes. thio- 
sulphate. sulphate. 
0 76-0 —_ 0 . — 
24 68-0 0-00201 45 . 0-00101 
60 ° 0-00201 115 . 0-00100 
91 : 0-00203 188 51- 0-00097 
141 . 0-00190 279 3: 0-00093 
174 36- 0-00186 360 . 0-00090 
509 28- 0-00086 


0-00196 > 0-000945 


Taste III. 


0°6801 Gram of sodium formate. 
0 79-0 — 
100 72-3 0-000385 
250 63-3 0-000384 
480 51-9 0-000380 
1440 23-15 0-000370 


Mean 0-000380 


In all these measurements 4°22 grams of sodium acetate were 
used in each experiment. In the Tables IV, V, VI, and VII 
0°635 gram of iodine and 2°7006 grams of potassium iodide were 
used in each observation at 25° with different concentrations of 
sodium formate, and the total volume was always 150 c.c. 


TasLe IV. TABLE V. 
6°8008 Grams of sodium formate. | 3°4004 Grams of sodium formate. 


39-5 _ 
0-00412 
0-00380 
000365 
0-00356 


TABLE VI. TaBLE VII. 


1°7002 Grams of sodium formate. 0-6801 Gram of sodium formate. 


39-5 -- 0 39-5 — 
31-5 0-00196 100 32-93 0-000790 
5 0-00193 200 . 0-000770 
0-00188 390 20- 0-000758 
0-00180 520 3 0-000750 

0-00174 


0-00186 


i eon’ 


io 2 


DHAR: CATALYSIS. PART Iv. 729 


From the foregoing Tables it 1s seen that, in spite of a slight 
tendency to fall off, the values of k, calculated for m=1 exhibit 
such a degree of constancy that the equation indicating a 
unimolecular reaction may fairly be regarded as the appropriate 
one. 

Determination of n.—Supposing that k,’ and k&,” are the values 
of k, (in the equation k,=c") obtained in two experiments, in 
each of which the initial concentration of iodine is the same, 
whilst the concentrations of sodium formate are different, say c,/ 
and ¢,”, the following equations are obtained: k,'=ke,/"; 

ke’ 


Co ; 
k," =keo"", whence n=log z”| los 2. On comparing the fore- 
1 


Cc,” 
going Tables, the following summary of results is obtained: 


A. 
‘1-27 grams of 
Grams of formate 3°4004 1-7002 0-6801 | iodine and 5-4132 
grams of potass- 
0-00196 0-:000945 0-000380 ae iodide. 


B. 


0-635 gram of 


Grams offormate 6-8008 3-4004 1-7002 0-6801 iodine and 2-7066 


< 


grams of potass- 
ky at 25° 0:00781 0-00378 0-00186 0-000767 Tons iodide. 


The actual values of m obtained in A are 1°05, 1°02, and 0°99, 
and from B the values are 1°04, 1°03, 1°01, 1°02, 0°99, and 0°97. 
It is seen that » approaches closely to the value 1, and the velocity 
coefficient &, varies, therefore, directly as the concentration of 
sodium formate. 

To sum up, the oxidation of sodium formate by iodine is 
unimolecular with respect to both iodine and sodium formate, and 
consequently the reaction is bimolecular; this behaviour is 
expected from the chemical equation representing the change 
H-CO,Na + 1, =HI + NaI + CO,,. 

From the foregoing summary of results, it will be seen that 
iodine ions retard the reaction, and the slight lowering of the 
Velocity coefficients as the reaction proceeds is due to the con- 
tinued increase in the concentration of iodine ions, which are 
products of the reaction. 

One peculiar point will be noticed, namely, that if there is a 
definite concentration of potassium iodide, the velocity coeflicient 
does not depend on the concentration of iodine, but if we start 
with a definite concentration of iodine and increase the concentra- 
tion of potassium iodide, the velocity coefficient falls off. This 
effect cannot be explained from the mass action equilibrium 

G@2 
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KI+I, — KI,. In Table I we have 1°27 grams of iodine and 
5°4132 grams of potassium iodide and k, at 25°=0°00196; and in 
Table V we have 0°635 gram of iodine and 2°7066 grams of 
potassium iodide and k, at 25°=0°00378. The concentrations of 
sodium formate in these two cases are equal, and according to the 
mass action equilibrium the velocity coefficient should be the same, 
since the ratio of the concentrations of potassium iodide and iodine 
is the same in the two cases. This point has been thoroughly 
studied in the oxidation of sodium formate by mercuric chloride 
in the presence of several chlorides. 

In order to determine the temperature coefficient of the oxida- 
tion of sodium formate by iodine, measurements were made at 
different temperatures. Typical examples of the results obtained 
are recorded in the following Tables. 


TasLe VIII. 


3°4004 Grams of sodium formate, 1°27 grams of iodine, and 
5°4132 grams of potassium iodide. Volume=150 c.c. 


0-05 
0-05 
0-05 
0-05 


0-0587 
Table I gives k, at 25°=0-00196; therefore k+,9/k between 25° and 
50° = 3-89. 


TaBLe IX. 
06801 Gram of sodium formate, 1°27 grams of iodine, and 
5°4132 grams of potassium iodide. Volume=150 c.c. 
At 50°. 
a-—2Zz. 


98-7 
86-35 


Table III gives k, at 25°=0-000390; therefore k,4,9/k: between 25° and 
50° = 3-88. 
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TABLE X. 


68008 Grams of sodium formate, 0°635 gram of iodine, and 
97066 grams of potassium iodide. Volume=150 c.c. 


At 35°. 


a-—-zZz. hy. 

39-5 = 
0-0325 
0-0318 
0-0310 
0-0298 


Table IV gives k, at 25°=0-00781; therefore k,,/k,,=4-01. 


From the foregoing results, it is seen that the temperature 
coefficient of the oxidation of sodium formate by iodine is 4°01 
between 25° and 35° and 3°89 between 25° and 50°. 

It has already been observed that potassium iodide, or rather 
iodine ions, act as a negative catalyst in this reaction. In order 
to determine if there is any change in the temperature coefficient 
when the reaction is greatly retarded by potassium iodide, measure- 
ments were made at different temperatures with various concen- 
trations of potassium iodide. The results obtained are as follows: 

Grams of potass- 


1:7002 grams of sodium ium iodide... 1-6952 2-1708 9-9086 
formate and 0-3354 + k, at 25° 0-00297 0-000647 0-000470 


gram of iodine. Temperature 
coefficient 4-19 4-13 


Grams of potass- 
17092 grams ofsodium ium iodide... 15-3843 31-8110 
formate and 0-3354 + k, at 25° 0-000320 0-000173 

gram of iodine. Temperature 

coefficient 4-02 

Hence, even in strongly catalysed reactions, the temperature 
coefficients are practically the same as those in the feebly catalysed 
ones, 

A few more experiments were made with different concentra- 
tions of iodine and potassium iodide, and the experimental results 


are summarised in the following Tables. 


TABLE XI. 


17002 Grams of sodium formate, 0°1677 gram of iodine 
Volume =150 c.c. 


Potassium 
iodide. Mean k, Mean k, 
Grams. at 25°. at 35°. 
0-8476 0-00556 0-0229 
9-0610 0-000520 0-00211 
29-8732 0-000205 0-000833 
78-2492 0-000112 0-000413 
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TasBLeE XII. 


0°6801 Gram of sodium formate, 0°1677 gram of iodine. 
Volume= 150 c.c. 
Potassium 
iodide. Mean k, Mean k, 
Grams. at 25°. at 50°. Ke+19/kr. 
0-8476 0-00212 0-0654 3°95 
20-1980 0-000111 0-00342 3-93 
29-8732 0-0000804 0-00242 3-90 
49-2236 0-0000573 0-00152 3-71 
In the results last recorded in this, as well as in the foregoing 
Table, the concentration of potassium iodide was very great; com- 
plexities due to changes of viscosity might have arisen and have 
caused the temperature coefficients to be lower than the other 
values in the same series. In this case, we find that the tempera- 
ture coefficient of the reaction does not change in the presence of 
potassium iodide. 
The effect of manganese sulphate was also studied, and the 
following is a summary of the results obtained: 
Grams of manganese sulphate. 0 0-0524 0-1048 1-8882 
Value of k, at 25° 0-00751 0-00749 0-00735 0-00634 


Grams of manganese sulphate 6-294 12-588 18-882 37-764 
Value of k, at 25° 000478 0-00376 0-00286 0-00151 


Evidently the velocity coefficient falls off as the concentration 
of manganese salt is increased. 


Sodium Formate and Mercurie Chloride. 


It is well known that formic acid and formates can be oxidised 
by mercuric chloride. The mechanism of the reduction of 
mercuric chloride by formic acid and formates has been investi- 
gated by Portes and Ruyssen (Compt. rend., 1876, 82, 1504), 
Scala (Gazzetta, 1890, 20, 393), Lieben (Monatsh., 1893, 14, 750), 
ete. 

Recently Findlay and Davies (T., 1913, 103, 1554) and Linhart 
(J. Amer. Chem. Soc., 1915, 37, 70) have also studied the problem. 
From the ordinary method of chemical dynamics they have found 
that the velocity coefficients follow the bimolecular law. 

In order to determine the temperature coefficient and the effect 
of catalysts on this reaction the following experiments were made. 

Since ordinary sodium formate contains a little sodium 
carbonate, a solution of the salt was carefully neutralised with 
pure formic acid, evaporated and crystallised. As a rule, the salt 
was twice crystallised from water and dried centrifugally. A solu- 
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tion was prepared and was standardised by estimating the formic 
acid with potassium permanganate, and this estimation was 
checked by evaporating a measured volume of the solution in a 
platinum crucible, heating the residue with sulphuric acid, and 
weighing the sodium sulphate formed. The other salts used were 
generally recrystallised twice. From time to time measured 
volumes were withdrawn by means of a pipette fitted with a plug 
of cotton wool, to keep back mercurous chloride, and run into a 
known volume of potassium iodide; the excess of potassium iodide 
was then titrated against standard mercuric chloride. It was seen 
from preliminary work that this method of estimation was quite 
accurate. 

The equation representing the chemical change is the following: 

2HgCl, + H-CO,Na=2HgCl + NaCl + HCl. 
The hydrogen ions formed in the reaction greatly retard the 
change. In order to avoid this difficulty, 2°11 grams of sodium 
acetate were added to the reacting mixtures. 

The velocity of the reaction may be represented by an equa- 
tion of the form —dece,/dt=ke,™c.”, where c, and cy represent 
concentrations of mercuric chloride and formate respectively. 

Determination of m.—In the following series of experiments, the 
sodium formate used was in large excess, and hence the concen. 


tration may be taken as practically constant during the course of 
the reaction. Hence the velocity equation takes the following 
form: —de,/dt=(ke.”)ce\"=k,c,", where k,=ke". The order of 
the reaction is therefore the same as m. 


Tasze I. 


183426 Grams of sodium formate, .M@/15-mercuric chloride. 
Volume=150 c¢.c. (where M=molar). 


At 25°. 


k, (uni- 
molecular). 
0-00245 
0-00235 
0-00220 
0-00207 


0-00227 
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TaBLeE II. 


14°0362 Grams of sodium formate, M/15-mercuric chloride. 
Volume = 150 c.c. 
At 25°. 


a—2x. ky. 

16-65 -- 
0-00178 
0-00170 
0-00165 
0-00160 


0-00168 


TABLE IIT. 
At 40°. 
ky. 


0-0150 
0-0140 
0-0130 
0-0125 


TABLE iV. 


91713 Grams of sodium formate, M/15-mercuric chloride. 
Volume = 150 c.c. 
At 25°. 


a—x. ky. 
16-65 — 
0-00120 
0-00115 
0-00108 
0-00105 


0-00112 


ky. 
0-00965 
0-00910 
0-00877 
0-00864 


0-00904 
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TaBLe VI. 


70181 Grams of sodium formate, M/15-mercuric chloride. 


Volume=150 c.c. 
At 25°. 


ky. 


0-00087 
0-00086 
0-00084 
0-00079 


0-00084 


TasLeE VII. 
At 40°. 
ky. 


0-00743 
0-00681 
0-00666 
0-00620 


0-00677 


From the foregoing Tables it will be seen that, in spite of a 
slight tendency to fall off, the values of & calculated for m=1 
exhibit such a degree of constancy that the equation indicating a 
unimolecular reaction may fairly be regarded as the appropriate 
one. 

Determination of n—Supposing that k,! and k,"” are the values 
of k; (in the equation k,=kce") obtained in two experiments, in 
each of which the initial concentration of mercuric chloride is the 
same, whilst the concentrations of sodium formate are different, 
say, cx and cs”, the following equations are obtained: k,'’=ke,!", 


, 
C9 
~ ar 


>be , = k 
k,"=ke,"", whence n=logy", log 
1 


2 
On comparing the results recorded in the foregoing tables, the 


following summary is obtained :— 
(1). (2). (3). (4). 
Grams of formate... 18-3426 14-0362 9-1713 7-0181 
0-:00227 0-00168 0-00112 0-00084 
By combining these results, the actual values of » obtained are 
112, 1:02, 1:03, 0°95, 1°0, and 1°08. It is seen that » approaches 
very closely to the value 1. Hence the oxidation of sodium 
formate by mercuric chloride is unimolecular with respect to both 
the reacting substances, and consequently the whole reaction is 
VOL, OXI. G a* 


736 DHAR: OATALYSIS. PART IV. 


bimolecular. The equation representing the chemical change 
shows it to be termolecular, and this makes it probable that the 
reaction takes place in stages. 

In order to study the effect of change in the concentration of 
mercuric chloride, further experiments were made at 25°, the 
results of which are summarised as follows: 


With 7-0181 grams of sodium | With 9-1713 grams of sodium 
formate, formate. 
Concentration Concentration 
M/15 M/30 of HgCl, M/15 M/30 
0-00084 0-00087 k, at 25° 0-00112 0-00116 


Hence the velocity coefficients increase very slightly with the 
decrease in the concentration of mercuric chloride. 

Temperature Coefficient of the Reaction—From Tables II and 
III we get k, at 25°=0°00168 ana k, at 40°=0°0136. Hence, 
applying van’t Hoff’s equation, we obtain kr+i9/ky =4°03, 
Similarly, from Tables IV and V and from VI and VII the 
temperature coefficient obtained is 4°02. It is rather striking that 
the temperature coefficient of the oxidation of sodium formate by 
iodine has practically the same value, namely, 4°01. 

In order to determine the temperature coefficient between 40° 
and 50°, the following measurements were made: 


TasLe VIII. 


3°3805 Grams of sodium formate and M/30-mercuric chloride. 
Volume= 150 c.c. 


At 40°. 
ky. 


0-00288 
0-00276 


| 
an 
0-00270 | 


0-000278 
Therefore kgoe/kyyo= 3-63. 


Applying the Arrhenius formula, we get A =5635 from measure- 
ments at 25° and 40°, using this value of A for the measure 
ments at 40° and 50° we get h,9?/k,.° =3°61, practically the same 
result as found experimentally. 

The effect of manganese sulphate on the oxidation of sodium 
formate by mercuric chloride was studied, and the results obtained 
are summarised below: 
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TaBLe IX. 


91713 Grams of sodium formate and M//15-mercuric chloride. 
Volume =150 c.c. 
Manganese 
sulphate. Mean k, Mean k, 
Grams. at 25°. at 40°. 
0 0-00112 0-00903 
0-0262 0-00111 0-00897 
0-0524 0-00110 0-00889 
1-5735 0-00098 0-00792 
3-147 0-00089 0-00718 
4-7205 0-00085 0-00682 
6-294 0-00081 0-00643 
9-441 0-00070 0-00560 


Thus it appears that the greater the concentration of manganese 
sulphate the greater is the retardation, and the temperature co- 
eficient in the presence of the negative catalyst is practically 
unchanged. 

From the foregoing Tables it will be seen that, even in the 
presence of sodium acetate, the velocity coefficient falls off as the 
reaction proceeds. It was suspected that it might be due to the 
increase in the concentration of chloride ions. Linhart (loc. cit.) 
observed that sodium chloride retards the reaction. In order to 
establish this further, measurements were carried out in the pre- 
sence of chlorides of several metals. Two series of measurements 
with zinc chloride at 25° are recorded in full in the following 
Tables, and these show clearly that in presence of an excess of 
chloride the unimolecular velocity coefficient remains more con- 
stant than that obtained when no chloride is present. 

91713 grams of sodium formate and M/15-mercuric chloride 
were used in each case, and the volume of the mixture was 150 c.c. : 


TABLE X. 


With 1-096N-zine chloride. With 0-73N-zine chloride. 
a- x. ky. . . ky. 
16-65 — — 
0-000071 3- 0-000121 
0-000070 “ 0-000120 
0-000070 345 -6! 0-000121 
0-000070 3: . 0-000119 


0-000070 0-000120 


Further experiments were made with zinc chloride as catalyst 
at 25° and 40° and the results obtained are summarised below: 
jmeentration of ZnCl, 0 0-364 0-730 1-096 


* a 0-00112 0-000276 0-000120 0 000070 
‘mperature coefficient. 4-02 4-16 4-32 4:46 


Ga a* 2 
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It appears from the foregoing summary that zinc chloride produces 
a marked retardation in the reaction, and the greater the con- 
centration of zinc chloride the greater is the retardation and the 
greater the value of the temperature coefficient. 

The effects of calcium, strontium, and sodium chlorides were 


is given: 


TaBLe XI. 


investigated. Instead of detailed results, the following summary 


91713 Grams of sodium formate and M/15-mercuric chloride. 
Volume=150 c.c.: 


Concentration Mean k, Mean k, 
of chloride. at 25°. at 40°. kesi0/ke. 

0 0-00112 0-00904 4-02 
0-4016 N-CaCl, 0-000292 0-00246 4-13 
0-8032 o° 0-000142 0-00123 4-22 
1-205 ve 0-000080 0-000732 4-38 
1-6066 se 0-000058 0-000552 4-49 
3-2134 % 0-000020 0-000195 4-58 
0-74 N-SrCl, 0-000164 0-00141 4-20 
1-48 - 0-000076 0-000698 4-39 
0-4914 N-NaCl 0-000296 0-00246 4-09 
0-7234 0-000230 0-00194 4-15 
0-9826 oe 0-000163 0-00138 4-16 
1-085 me 0-000154 0-00133 4-21 
1-4466 0-000114 0-00104 “36 


Summary of results obtained with manganese chloride: 


Concentration of MnCl, 0 00-1722 0-4306 00-8612  1-7226 
By OB BB”.. cccccocccscccccess 0-00112 0-000486 0-000207 0-000081 0-000025 
Temperature coofficient. 4-02 4-06 4-20 4-42 4-54 


All these chlorides produce a marked retarding effect; with 
equivalent concentrations the maximum effect is observed with 
zinc and manganese chlorides; both zinc and manganese ions have 
been found to act as retarders in the oxidation of sodium formate 
by mercuric chloride. The temperature coefficient is always greater 
the greater the retardation. 

The effect of the change in the concentration of mercuric chloride 
was also investigated. Calcium, strontium, and sodium chlorides 
were used as retarders, and the concentrations of mercuric chloride 
were varied from M//7-5 to M/50. From the experimental results 
it was seen that with a given concentration of the chloride the 
velocity coefficient was independent of the concentration of mer- 
curic chloride. If, however, the effect of the chloride be simply 
to form a complex with mercuric chloride HgCl, + RCl —> RHgCl, 
(compare Le Blanc and Noyes, loc. cit.), the velocity coefficient 
would naturally depend on the concentrations of mercuric chloride. 
It was also seen that the greater the concentration of the catalyst, 
the greater the retardation and the greater the value of the tem 


Th 
accun 
of for 
chlori 

In ( 
times 
Le Bl: 
chemic 


The 
mercur 


Concent 


ky at 25° 
Tempers 
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perature coefficient. The retarding effect of chlorides on this 
reaction is provisionally considered to be catalytic. 

It has already been said that hydrogen ions retard the oxida- 
tion of sodium formate by mercuric chloride; hence it seems prob- 
able that only formate ions are active in effecting the reduction. 
In order to confirm this point, a few measurements were made with 
pure formic acid. The experimental procedure is exactly the 
same as with formates; the presence of free formic acid does not 
interfere with the estimation of mercuric chloride by potassium 
iodide. 

TaBLeE I. 
0°678 V-formiec acid and M/30-mercuric chloride. 


At 25°. 


k, (uni- 


t (time in 
minutes). 
0 
4500 
12540 
20890 


molecular). 
0-0000131 
0-0000101 
0-0000080 


0-0000104 


TABLE II. 
At 40°. 


t. L—2. ky. 
0 : a 
670 . 0-000110 
1500 26 0-000082 
2980 0-000060 
0-0000840 
Therefore ky+,9/k:= 4-02. 


The unimolecular velocity coefficient falls off owing to the 
accumulation of hydrogen chloride, which suppresses the ionisation 
of formic acid and at the same time forms complexes with mercuric 
chloride. . , 

In order to obtain comparable results, readings were taken for 
times of almost equal changes in different experiments (compare 
Le Blane and Noyes, Zeitsch. physikal. Chem., 1890, 6, 389). The 
chemical equation for the change is: 

2HgCl, + H-CO,H = 2HCl + CO, + 2HgCl. 

The following is a summary of the results with formic acid and 

mercuric chloride: 


4-064 
4-01 


2-032 


3-99 


1-356 
4-02 
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It will be seen that the velocity of the reduction of mercuric 
chloride by formic acid is much smaller than the velocity of 
reduction by sodium formate of the same concentration. Moreover, 
the velocity coefficient does not increase proportionally with the 
increase in the concentration of formic acid. The electrical con- 
ductivity and freezing-point measurements of Novak (Phil. Mag., 
1897, [v], 46, 9) show that, by doubling the concentration of formic 
acid, a small increment of formate ions is produced in the solu- 
tions, and this is corroborated by kinetic measurements, which 
show that by doubling the concentration of formic acid we get 
only a small increment in the value of the velocity coefficient, and 
kinetic measurements also prove that only formate ions are active 
in the reduction; the undissociated formic acid is inactive so far 
as the reduction of mercuric chloride is concerned. Moreover, the 
temperature coefficient of this reaction is 4°02, which is exactly 
the same as that obtained in the reduction by formates ; this shows 
that the processes of reduction of mercuric chloride by sodium 
formate and formic acid are similar in nature. On the other hand, 
it has been proved before that the oxidation of formic acid by 
chromic acid is a quadrimolecular reaction, that only undissociated 
formic acid is active in this reaction, and that the temperature 
coefficient has the value 2°07. Evidently, even with the same 
reducing agent, the nature of the chemical change is totally 
different with different oxidising agents. 


Silver Nitrate and Sodium Formate. 


It is well known that silver for very accurate work is usually 
prepared by the reduction of silver nitrate by formates, and this 
reaction is largely utilised in analytical chemistry. It seemed 
desirable to investigate the kinetics of the reaction. When silver 
nitrate is added to a moderately concentrated solution of sodium 
formate at about 25°, there is produced at first a very slight 
opalescence due to the formation of silver formate; then after 
few seconds the silver formate begins to decompose with the separé- 
tion of a black voluminous mass of metallic silver. Then, in cot- 
sequence of the presence of electrolytes, the volume of the reduced 
silver becomes less and less, and finally a small quantity of more 
compact grey metallic silver is obtained. 

The reduction, slow as it is, at 25° is quite measurable, even a 
that temperature. 

Standard solutions of purified silver nitrate and sodium formate 
were prepared. The experimental procedure is similar to that i 
the oxidation of formates by mercuric chloride. After given i 
tervals of time, measured volumes of the mixture were removed 


917] 
Volume 
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by means of a pipette fitted with a small filtering plug and run 
into an excess of a standard solution of sodium chloride. The 
excess of chloride was then titrated by means of a standard silver 
nitrate solution, using potassium chromate or potassium arsenate 
as an indicator. In order to diminish the concentration of 
hydrogen ions, 2°11 grams of sodium acetate were used in each 
observation. 

The reaction velocity may be represented by an equation of the 
form —dc,/dt=kc,™.." where c,; and cy represent the concentra- 
tions of silver nitrate and sodium formate respectively, and m and 
nthe number of these molecules taking part in the reaction. 

Determination of m—In the following series of experiments, 
the concentration of sodium formate was much greater than that 
of silver nitrate, and as this does not appreciably alter during the 
course of the reaction, the velocity equation takes the following 
form : 

— de,/dt = (ke,")c," = k,c,™, 
where k,=ke.". The order of the reaction is the same as m. 

In the following Tables the amounts in c.c. of unchanged silver 

nitrate are recorded : 


TaB_e I. 


34205 Grams of sodium formate and W/15-silver nitrate. 


Volume =150 c.c. 
At 25°. 


Time in Unchanged (bimolecular (unimolecular 
minutes. silver nitrate. m=2). m=1). 

0 — 

162 “ 0-0000869 0-000461 

449 ° 0-0000870 0-000405 

800 “f 0-0000871 0-000356 

1355 “2 0-0000866 0-000301 


0-0000869 


Taste II. 


91713 Grams of sodium formate and W/15-silver nitrate. 
Volume=150 c.c. 


(bimolecular) 


0-000208 
0-000209 
0-000208 
0-000210 


0-000209 
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DHAR: 


Taste III. 
At 40°. 


ke. 
3-3 — 

70 7-15 0-000916 
182 4-15 0-000911 
303 2-85 0-000910 

1-8 0-000910 


0-000912 


ee eeeeeee 


TaBLeE IV. 
At 50°. 


a—zx. ky. 

13-3 —- 
8-5 0-00224 
38 6-2 0-00227 
64 4-55 0-00226 
177 2-1 0-00227 
eB iscrindins 0-00226 


TABLE V. 


16508 Grams of sodium formate and J/15-silver nitrate. 
Volume=150 c.c. 


ky. 

3°3 — 
172 7-2 0-000370 
327 5-1 0-000370 
517 3°75 0-000370 
1-6 0-000370 


ececccece 0-000370 


TasBLe VI. 
At 40°. 


, a ky. 

0 13-3 — 
32 7-9 0-00161 
82 4-8 0-00162 

3-5 0-00161 


bteveeces 0-00161 


follc 


in th 
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Tn 
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kya 
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Tasie VII. 


0-00404 
0-00406 
0-00409 


0-00406 


The values of k, calculated for m=2 show such a degree of con- 
stancy that the equation indicating a bimolecular reaction may 
fairly be regarded as the appropriate one. The oxidation is evi- 
dently bimolecular with respect to silver nitrate. 

Determination of n.—Supposing that k,/ and k,” are the values 
of k, obtained in two experiments, in each of which the initial 
concentration of silver nitrate is the same, whilst the concentrations 
of sodium formate are different, say c,/ and cy”, the following 
equations are obtained: k,/=ke,’", k."” =ke,"", whence 


k,’ C 
n=lo on log-3.,. 
Sk, Cy 


On comparing the foregoing measurements recorded at 25°, the 
following summary is obtained : 


(1). (2). (3). 
16-508 9-1713 3-4205 
0-000370 0-000209 0-0000868 


By combining these results, the values of n actually obtained 
are 1°09, 0°96, and 0°90. It is seen m approaches closely to the 
value 1, and consequently 1 molecule of sodium formate takes part 
in the reaction. The whole reaction is, therefore, termolecular, 
bimolecular with respect to silver nitrate, and unimolecular with 
regard to sodium formate (compare Noyes and Cottle, Zeitsch. 
physikal. Chem., 1898, 2'7, 579). 

In order to study the change in the concentration of silver 
nitrate on the velocity coefficient of this reaction, further measure- 
a were made at 25°, and the results obtained are summarised 

low : 


With 9-1713 grams of sodium formate: 


Concentration of AgNO, ... N/15 N/30 N/50 
k, at 25° 0-000209 0-000212 0-000210 
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With 16°508 grams of sodium formate: 


Concentration of AgNO, ... N/15 N/30 
0-000370 0-000372 


With 3°4205 grams of sodium formate: 


Concentration of AgNO, ... N/15 N/30 
ky at 25° 0-0000869 0-0000870 


Evidently change in the concentration of silver nitrate has prac- 
tically no influence on the velocity coefficients, hence there is no 
disturbing factor, and the reaction is truly termolecular. 

The chemical equation for this reaction is: 


2AgNO; + H-CO,Na=HNO, + NaNO, + CO, +2Ag. 


Hence the reaction is simple and does not take place in stages, 
Temperature Coefficient—From Tables II, III, and IV we get 
k. at 25°=0°000209, &, at 40°=0°000912, and &, at 50°=0°00226. 
Hence by applying van’t Hoff’s formula we get ;+10/k; between 
25° and 40°=2°67, and between 40° and 50°=2°48. 
If the Arrhenius formula is used, the following results are 
obtained : 
k, (obs.). k, (cale.). 
0-000209 (0-000209) 


0-000912 (0-000912) 
0-00226 0-00226 


A = 3977. 


It has been previously shown that the temperature coefficient of 
the oxidation of sodium formate by iodine and mercuric chloride 
has the value 4°02 between 25° and 40°, and both these reactions are 
bimolecular. Although the oxidation of sodium formate by silver 
nitrate is a much slower reaction than the other two, the temper- 
ature coefficient is much lower than those in the other éases. 
Evidently there seems to be a connexion between the order of a 
reaction and its temperature coefficient. From this investigation 
it will be clear that under similar conditions iodine is a better 
oxidising agent than mercuric chloride and the latter is a much 
better oxidising agent than silver nitrate. Evidently from kinetic 
measurements, under exactly similar conditions, we can compare 
the relative oxidising or reducing property of substances quite 
accurately. 

The effect of a manganese salt was studied. 

The results obtained with manganese sulphate as catalyst are 
summarised below: _ 
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91713 Grams of sodium formate and WN /15-silver nitrate. 


Volume =150 c.c. 


Manganese 
sulphate. Mean ky Mean k, Temperature 


Grams. at 25°. at 40°. coefficient. 
0 0-000209 0-000912 
0-0524 0-000207 0-000905 
1-5735 0-000187 0-00081) 
3-147 0-000170 0-000740 
6-294 0-000142 0-000621 
12-588 0-000109 0-000475 


From the above figures it appears that manganese sulphate is a 
negative catalyst in the oxidation of sodium formate by silver 
nitrate. The‘ greater the concentration of the catalyst, the greater 
is the retardation. This reaction, like the oxidation of sodium 
formate by mercuric chloride, is not so sensitive to the influence 
of traces of manganese sulphate as the oxidation of formic acid 
by chromic acid previously studied. Moreover, the temperature 
coefficient is the same as that obtained without any manganese 


sulphate. 


Mechanism of Chemical Change and Temperature-Coefficient. 


It is well known that temperature has a marked influence on 
the velocity of reactions, the average value of the temperature- 
coefficient being about 2°5 for a rise of 10° in the case of non- 
actinic chemical changes. This exponential increase of velocity 
with temperature cannot be explained from the mere increase in 
kinetic movement, for this should mean an increase of only about 
2 per cent. in the velocity of the reaction for the same change of 
temperature. It is clear, therefore, that the temperature effect 
must be due to some influence connected with the internal struc- 
ture of the molecules taking part in the reaction. 

The phenomena of ordinary positive catalysis as well as photo- 
chemical catalysis in homogeneous medium have made us familiar 
with the acceleration of reactions at constant temperature, and 
this must similarly be due to some effect connected with the 
structure of the molecules. 

It seems, therefore, probable that the effects of increase of tem- 
perature, of light, and of chemical catalysts in a reaction are 
intimately connected and are possibly identical in nature. 

As was first suggested by Arrhenius (Zeitsch. physikal. Chem., 
1889, 4, 226), the effect of temperature has been ascribed to the 
existence of an equilibrium between so-called “active” and “in- 
active” molecules, such equilibrium being sensitive to changes of 
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temperature; and hence a rise of temperature by bringing into 
existence more “active ’’ molecules causes a reaction velocity very 
much in excess of what one would expect on a merely kinetic 
view. 

Arrhenius has even deduced an expression dlogk/dT=A/T?, 
showing the effect of temperature in terms of a quantity A, which 
on this view is taken to be half the energy change involved in the 
transformation of one molecule of “ inactive” to “active.” 

If such “active”? and “inactive” molecules exist, it appears 
reasonable to expect that a catalyst or light simply acts in shifting 
this equilibrium. Plainly if sufficient catalyst were added to 
change a relatively large amount of “inactive” to “ active” mole 
cules or vice versd, it would follow that, when the catalyst is present 
in large quantities, the temperature coefficient should be smaller 
(in the case of positive catalysis) and greater (in the case of nega- 
tive catalysis) than that observed when the reaction is not cata- 
lysed or only feebly so. For. when much catalyst is present, the 
transformation from “ inactive”’ to “active” in the case of positive 


ce 


catalysis would have already taken place, and therefore temperature 
should have less additional accelerating effect; the reverse would 
be the case in negative catalysis. This hypothesis can be tested by 
the experiments with chemical catalysts already recorded in this 


paper. 

In order to apply the hypothesis to photochemical catalysis, the 
following investigations were carried out. Goldberg (Zeitsch. 
physikal. Chem., 1902, 41, 1; Zeitsch. wiss. Photochem., 1906, 4, 
61), who studied the oxidation of quinine sulphate by chromic acid 
in light, found the temperature coefficient of the reaction to be 
1:04 for a 10° rise in temperature. The temperature coefficient of 
this reaction in the dark has been determined by the author as 
described below. 

In order to exclude light, “resistance” glass bottles were 
thoroughly covered with a thick coating of “club black enamel.” 
This enamel can withstand hot water fairly well, and light is com- 
pletely excluded by a thick coating. The chromic acid, which 
remained unchanged, was estimated by iodometric measurement 
with standard thiosulphate. 
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Quinine and Chromic Acid. 
TaBeE I. 


1322 Grams of quinine sulphate, NV /85-chromic acid, 
30.V /17-sulphuric acid. Volume=85 c.c. 


At 25°. 


k, (uni- 
molecular). 


0-000150 
0-000152 
0-000154 


0-000152 


t. . k,. 
0 “1s nits 
101 ° 0-00137 
187 ° 0-00137 
290 3- 0-00139 


0-00138 


Therefore temperature coefficient between 25° and 60° =k; + 4o/k:=1-88. 


Taste ITT. 


1322 Grams of quinine sulphate, V/85-chromic acid, and 
60.¥/17-sulphuric acid. Volume=85 c.c. 


At 25°. 
ky. 
0-000281 
0-000280 
0-000282 


0-000281 


TaBLe IV. 
At 60°. 
ky. 
0-00254 
0-00252 
0-00255 
0-00254 


Mean 0-00254 
Therefore k;19/k, between 25° and 60° 
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Sulphuric acid only accelerates the reaction and was used by 
Goldberg in his work. The reaction, carried on in the dark, has 
a higher value (1°87) for its temperature coefficient than that in 
the light (1°04) under similar conditions. Thus the acceleration 
caused by the positive catalyst (light) produces a marked lowering 
of the temperature coefficient. 


Iodine and Potassium Oxalate. 


In a former paper (Dhar, Proc. K. Akad. Wetensch. Amsterdam, 
1916, 18, 1097) it was found that the oxidation of oxalates by iodine 
was very sensitive to light; light acted here as a strong positive 
catalyst. This reaction was investigated in diffused daylight and 
in the dark. The reaction in the case of potassium oxalate may 
be represented by the equation 

K,C,0,+1I, —> 2KI+ 2CO,. 
As in the case of the formate oxidation, sublimed iodine was used 
and the potassium oxalate was purified by several recrystallisations 
and carefully dried centrifugally. The solution of oxalate was 
standardised by precipitating a known volume as calcium oxalate, 
igniting in a platinum crucible, and weighing as lime. 

From time to time the unchanged iodine was estimated by means 
of standard sodium thiosulphate. 

The velocity of the reaction may be represented by an equation 
of the form —de,/dt=ke,”c.", where c, andc, represent concen- 
trations of iodine and oxalate respectively. 

Determination of m.—lIn the following series of experiments 
the oxalate used was in large excess, and hence the concentration 
might be supposed to be practically constant during the course 
of the reaction; hence the velocity equation takes the following 
form : 

—de,/dt =(keg”)cym=k,c,", 
where k,=ke,”. The order of the reaction is the same as m. 


Measurements in the Dark at 50°. 


TABLE V. 


18°7080 Grams of potassium oxalate, 0°1677 gram of iodine, and 
0°8476 gram of potassium iodide. Volume=150 c.c. 


k, (uni- 
molecular). 
0-00213 
0-00218 
0-00220 
0-00223 


0-00218 


folloy 


Grams 
Value | 
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ll], 1 
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TaBLeE VI. 


9°354 Grams of potassium oxalate, 0°1677 gram of iodine, and 
08476 gram of potassium iodide. Volume=150 c.c. 
k,. 
0-000967 
0-000978 
0-000981 


0-000975 


TaBLeE VII. 


46770 Grams of potassium oxalate, 0°1677 gram of iodine, and 
08476 gram of potassium iodide. Volume=150 c.c. 


ky. 


0-000442 
0-000456 
0-000466 


0-000455 


From the foreging Tables, it will be seen that the values of k 
calculated for m=1 exhibit such a degree of constancy that the 
equation indicating a unimolecular reaction may fairly be regarded 
as the appropriate one. 

Determination of n—Supposing that k’; and k”, are the values 
of k, (in the equation k,=ke") obtained in two experiments, in 
each of which the initial concentration of iodine is the same, whilst 
the concentrations of potassium oxalate are different, say c,’ and 
ty", the following equations are obtained : 


, , ” ’ k : c ; 
k,’ =ke,'", k,” =ke,"" ; whence n = log h? | log A, 
1 "2 


From the measurements recorded in the foregoing Tables, the 
following summary of results is obtained : 

(1). (2). (3). 01677 gram of 

iodine and 0-8476 

Grams of oxalate 18-7080 9-354 4-677 gram of potassium 
Value of k at 50° 0-00217 0-000975 0-000455 \ iodide. 

Combining these results, the values of n actually obtained are 
Vl, 1-1, and 1:09. 

It is seen that m approaches very closely to the value 1. These 
results show that the oxidation of potassium oxalate by iodine is 
wumolecular with respect to both iodine and potassium oxalate, 
and consequently the whole reaction is bimolecular; this is quite 
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in accordance with the equation representing the chemical 
change. 

In order to determine the temperature coefficient of the reaction 
in the dark, measurements were made at different temperatures, 


TABLE VIII. 


18°7080 Grams of potassium oxalate, 0°1677 gram of iodine, and 
0°8476 gram of potassium iodide. Volume=150 c.c. 


ky. 


0-0000177 
0-0000181 
0-0000193 


0-0000184 


TABLE IX. TABLE X. 
At 40°. At 60°. 


a-2. ky. . a-x. 
— 14-37 
0-000343 10-0 
0-000358 6-25 
0-000367 


0-000356 


Summary of Results. 
18-708 grams of 
potassium oxalate, 
0-1677 gram of ee 25° 40° 50° 60° 
iodine, and 0-8476 [k, 0-0000184 0-000356 0-00218 0-0118 
gram of potassium | 
iodide 


Hence ky110/k; between 25° and 40°=7°2, between 40° and 50°= 
6°1, and between 50° and 60°=5°4. It is seen that the tempera- 
ture coefficient of the oxidation of oxalates by iodine in the 
dark is quite large and is 7:2 between 25° and 40°, and falls of 
with increase of temperature. 


Applying the Arrhenius formula log k,/k,=A(Z7;—T:)/T;Te the 
following results are obtained ; A =7989: 


Tempera- 
ture. k (found). k (calc.). 
25° 0-0000184 (0-0000184) 
40° 0-000356 (0-000356) 
50° 0-00218 0-00219 
60° 0-0118 0-0121 
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The same reaction was studied in diffused daylight. The reaction 
velocity was greater in diffused daylight than in the dark. 


In Diffused Daylight at 50°. 
TaBLe XIII. 


18'7080 Grams of potassium oxalate, 0°254 gram of iodine, and 
10826 grams of potassium iodide. Volume=150 c.c. 
ky, (uni- 
molecular). 
0-00238 
0-00238 
0-00242 


0-00239 


TABLE XIV. 


9°354 Grams of potassium oxalate, 0°254 gram of iodine, and 
10826 grams of potassium iodide. Volume=150 c.c. 


k, (uni- 
molecular). 
0-00106 
0-00105 
0-00102 
0-00102 


0-00104 


TaBLE XV. 


4677 Grams of potassium oxalate, 0°254 gram of iodine, and 
10826 grams of potassium iodide. Volume=150 c.c. 


a—x. ky. 
19-7 — 
16-9 0-000555 
14-6 0-000542 
12-7 0-000530 
11-0 0-000527 


0-000539 


Summary of Results. 
(1). (2). (3). 


ium oxalate 18-708 9°354 4°677 


10826 grams of potass- 
0°00239 0°00104 0°000539 


ium iodide 


0:254 gram of iodine and Grams of potass- 
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Combining these results, the values of actually obtained are 
12, 1°07, and 0°90. Hence it is seen that » approaches unity, 
Consequently the reaction is unimolecular with respect to both 
iodine and oxalate, and the order of the reaction is not altered in 
diffused light. 

In order to determine the temperature coefficient in diffused 
daylight, measurements were made at 25°. 


TaBLE XVI. Taste XVII. 


18°708 grams of potassium 4°677 grams of potassium 
oxalate, 0°254 gram of iodine, oxalate, 0°2295 gram of iodine, 
and 1°0826 grams of potassium and 0°6492 gram of potassium 
iodide. Volume=150 c.c. iodide. Volume=150 c.c. 


ky. t. a-x. ky. 

— 0 19-66 -- 
0-000114 480 18-9 0-0000356 
0-000113 1440 17-45 0-0000359 
0-000110 11000 8-0 0-0000355 


Mean ... ... ..- 0000112 Mean ... ... 0-0000357 


Summary of Results, 


A. 
Temperature 25° 50° 


0-254 gram of iodine, and 1-0826 
Value of k, 0-000112 0-00239 


18-7080 grams of potassium oxalate, 
grams of potassium iodide 


Temperature 50° 


0-2295 gram of iodine, and 0-6492 
Value of k, 0-0000357 0-000741 


gram of potassium iodide 


4-677 grams of potassium Pnou | B. 
25° 


From A: 
Temperature coefficient between 25° and 50°=3°40. 
and from B: 
ke 410/k, between 25° and 50°=3°36. 


The temperature coefficient between 25° and 50° of the oxide 
tion of potassium oxalate by iodine in the dark has the value 673; 
whilst in diffused light it is 3°4. 

Evidently the acceleration of the oxidation of potassium oxalate 
by iodine in diffused daylight produces a lowering in the value 
of the temperature coefficient. 


Mercurie Chloride and Potassium Oxalate. 


It is well known that a mixture of an oxalate and mercumi 
chloride has been utilised as an actinometer. Eder (Sitzwngsber 
K. Akad. wiss. Wien, October, 1879) has made a thorough study 
of this actinometer and has measured the amount of mercuroll 
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chloride obtained at various temperatures in the presence of light. 
His results show that the temperature coefficient for a 10° rise 
between 0° and 80° is 1°19. 

In the present investigation the velocity of this reaction at 
different temperatures in the dark was studied. The reaction 
being slow, measurements were made at 79°6° and 99°6° with 
glycerol as the thermostat liquid. 

Since preliminary experiments showed that carbon dioxide, which 
is a product of the chemical reaction, markedly accelerates the 
change. Both the reacting substances were saturated with carbon 
dioxide before mixing. As in the case of the oxidation of formates 
by mercuric chloride, definite volumes of the mixture were with- 
drawn from time to time by means of a pipette fitted with a plug 
of cotton-wool, and added to an excess of potassium iodide. The 
excess of potassium iodide was titrated against a standard solution 
of mercuric chloride. 


In the Dark. 
TABLE I. 
At 99°6°. 


31°430 Grams of potassium oxalate and M/15-mercuric chloride. 
Volume =150 c.c. 


a—2x. k, (unimolecular). 
13-3 om 
9-4 0-00260 
5-75 0-00260 
2-6 0-00262 


Mean ... ... 0-06261 


TABLE IT. 
At 99°6°. 


15°715 Grams of potassium oxalate and M/15-mercuric chloride. 
Volume=150 c.e. 


ky. 
0-00130 
0-00130 
0-00133 


0-00131 
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Taste III. 
At 99°6°. 
7°8575 Grams of potassium oxalate and M//15-mercuric chloride. 


Volume=150 c.c. 
ky. 


0-000643 
0-000646 
0-000653 


Mean ... ... 0000647 


TaBLe IV. 
At 79°6°. 


31:430 Grams of potassium oxalate and J//15-mercuric chloride. 


Volume= 150 c.c. 
ky 
0-00052 
0-00051 
0-00053 


Mean ... ... 000052 


TABLE V. 
At 79°6°. 


15°765 Grams of potassium oxalate and M/15-mercuric chloride 
Volume= 150 c.c. 


key. 
0-00026 
0-00027 
0-00028 


0-00027 


TaBLe VI. 
At 79°6°. 
7°8575 Grams of potassium oxalate and M//15-mercuric chloride. 
Volume=150 c.c. 


a—@. ky. 


13: omni 
9- 0-00013 
8- 0-00013 
5- 0-00014 
Mean ... ... 0-000133 
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From the foregoing Tables it wili be seen that, in spite of a slight 
tendency to rise, the values of & calculated for m=1 exhibit such 
a degree of constancy that the equation indicating a unimolecular 
reaction may fairly be regarded as the appropriate one. 

Determination of n.—Supposing that k,’ and k,” are the values 
of k, (in the equation k,=e”) obtained in two experiments, in 
each of which the initial concentration of mercuric chloride is the 
same, whilst the concentrations of potassium oxalate are different, 
say ¢)/ and cy”, the following equations are obtained : 

k,’ Cy. 
kK," °c,” 
The measurements recorded in the foregoing Tables may, therefore, 
be employed in determining the value of n. 
On comparing, the following summary of results is obtained : 


k,' =ke,'",ke,” = ke,""; whence n = log 


At 99°6°. 


(1). (2). (3). 
Grams of oxalate ......... 30-430 15-715 7-8575 
WOE Be osincseceivecncsses 0-00261 0-00131 0-000647 


Combining these results, the values of » actually obtained are 1, 
1:06, 1°02. It is seen that m approaches very closely to the value 1. 
Consequently the oxidation of potassium oxalate by mercuric 
chloride is unimolecular with respect to both the reacting sub- 
stances, that is, the whole reaction is bimolecular, although the 
chemical equation shows it to be termolecular: 


The reaction probably takes place in stages. 

From Table I we get k, at 99°6°=0°00261 and from Table IV 
k, at 79°6°=0°00052; therefore by van’t Hoff’s equation we get 
kisio/ky =2°24. Similarly from Tables II and V, also from III 
and VI, the temperature coefficients obtained are 2°20 and 2°21. 
Hence it is seen that the temperature coefficient of the oxidation 
of potassium oxalate by mercuric chloride in the dark is 2°2, whilst 
in light it is 1:19. Light acting as an accelerator produces a cou- 
comitant reduction in the temperature coefficient. 

There are a few cases on record where reactions have been 
investigated both in the light and in the dark. 

Brunner and Dluska (Bull. Acad, Sci. Cracow, 1907, 707) have 
studied the bromination of toluene and found the temperature 
coefficient in light to be equal to 1°8, whilst in the dark it is 4°5. 

Plotnikov (Zeitsch. physikal. Chem., 1907, 58, 64, 214; 1911, 


385) also investigated two reactions and found the following 
Values ; 
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Oxidation of Hydrogen lodide by Oxygen. 


In the light. In the dark. 


Temperature coefficient for 10° rise 1-4 2-86 


Action of Oxygen on Iodoform dissolved in Benzene or Alcohol, 


In the light. In the dark. 
Temperature coefficient for 10° rise 1-42 2-61 


In all these cases light acts as a positive catalyst and markedly 
accelerates the reactions. Evidently when there is acceleration 
produced by light we have a concomitant lowering of the tempera- 
ture coefficient, and the greater the acceleration the greater will 
be the lowering of the temperature coefficient of the light reaction. 

In reactions in which the velocity is greatly accelerated by light 
we expect the value of the temperature coefficient to be about 1:04 
to 1°39; but when light acts as a negative catalyst we should 
expect an increase in the value of its temperature coefficient. 

As a matter of fact, Trautz (Physikal. Zeitsch., 1906, 7, 899) 
has shown that the oxidation of sodium sulphide and of pyrogallol 
by oxygen are retarded by violet light, and he has found the 
temperature coefficients to be 3°5 in the case of sodium sulphide 
and 2°4 in the case of pyrogallol. These temperature coefficients 
are much larger than those for photochemical reactions, in which 
light is an accelerator. 

Slator (Zeitsch. physikal. Chem., 1903, 45, 513) investigated the 
chlorination of benzene in the presence of several chemical 
catalysts and of light. The reaction velocity in absence of any 
catalyst is very small. Of the three positive catalysts used in this 
reaction, iodine chloride, stannic chloride, and ferric chloride, the 
first was found to be the most effective, then stannic chloride, and 
lastly ferric chloride. The temperature coefficients in the presence 
of these catalysts are as follows: 

Catalyst iCl SnCl, FeCl, 


Temperature coefficient 
1-5 2-5 


Light also accelerates the reaction, and the temperature 
coefficient in the presence of light is 1°5. It is clear that the 
greater the acceleration produced by a given catalyst, the smaller 
is the value of the temperature coefficient; the temperature 
coefficient of the reaction with the strong positive catalyst, iodine 
chloride, in the dark is much smaller than that of the reaction 
carried on in the light without any chemical catalyst. A strongly 
catalysed reaction in the dark may have a very small temperature 


sulp 
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veloc 
(com 
ing 
of su 
catah 
sulph 
tion, 


3-0833 
N/ 


DHAR: CATALYSIS. PART IV. 757 


coefficient, just like a photochemical reaction, This is in harmony 
with the hypothesis. 

Recent work of Padoa (Atti R. Accad. Lincei, 1916, [v], 25, ii, 
168, 215) has brought further evidence in favour of the hypothesis 
in question. He has studied the temperature coefficients of the 
action of monochromatic light on chlorine-hydrogen mixtures, on 
a photographic plate, and on some phototropic transformations. 
With the chlorine-hydrogen mixture the following temperature 
coefficients were obtained : 


White light, 1°29; green (A=550—530 yp), 1°50; blue 
(1=490—470 pp), 1°31; violet (A=460—440), 1°21; ultra-violet 
(A=400—350), 1°17. 


Thus the value of the temperature coefficient increases with the 
wave-length of light. The chemical activity of these rays increases 
with the decrease of the wave-length. 

Exactly similar results have been obtained with the photographic 
plate and the phototropic transformations ; the greater the intensity 
(and hence the acceleration), the smaller is the temperature 
coefficient. 

From a consideration of the experimental verification of this 
hypothesis in the case of chemical catalysts, it is found that 
sulphuric acid markedly accelerates the oxidation of formic acid 
by chromic acid, and in this case the accelerating effect increases 
more rapidly than the accelerator, and if the concentrations of 
sulphuric acid are plotted as abscisse, and the corresponding 
velocity coefficients as ordinates, an exponential curve is obtained 
(compare Rosanoff, J. Amer. Chem. Soc., 1913, 35, 173). Accord- 
ing to this hypothesis, the temperature coefficient in the presence 
of sulphuric acid should be less than that in the absence of the 
catalyst. As a matter of fact, all the experimental work with 
sulphuric acid recorded in the foregoing pages supports this deduc- 
tion. Here only one typical case is cited : 


$0633 N-formic acid and [ Concentration of H,SO, 0 N/6 N/3 2N/3 


kesjo/ke between 25° 
and 50° 203 1-87 1-86 1-84 


N/30-chromic acid | 
Hence we find that the greater the concentration of sulphuric 
acid, the greater is the fall in the temperature coefficient. 

On the other hand, manganese chloride is a negative catalyst in 
the oxidation of formic acid by chromic acid, and it has been 
Proved that in the presence of this salt the temperature coefficient 
's appreciably higher than that in the absence of the catalyst. 

The oxidation of oxalic acid by chromic acid is retarded in the 
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presence of an excess of sulphuric acid, and the following results 
are obtained for the temperature coefficient : 
anal [Gunsentoction of H,SO, 0 3N/5 8N/5 4/n 


N/20-oxalic acid k /k between 25° 
N/100-chromic acid eed 40° 1-96 218 232 9.66 


Thus sulphuric acid, acting as a negative catalyst, produces an 
increase in the temperature coefficient. Similarly in this oxida- 
tion boric acid, molybdic acid, and ammonium molybdate are 
retarders, and in their presence the temperature coefficient is higher 
than in their absence. 

In the oxidation of sodium formate by mercuric chloride, it has 
been found that chlorides are retarders, and in their presence the 
temperature coefficient is appreciably increased. By considering 
the case of manganese chloride: 

Concentration of MnCl,... 0 0-1722 00-4306 0-8613 1-7726 


k at 25° 0-00112 0-000486 0-000207 0-000081 0-000025 
Temperature coefficient... 4-02 4-06 4-2 4-42 4-54 


one finds the retarding effect increasing more rapidly than the 
retarder. Exactly similar results are obtained with zinc chloride. 

In the oxidation of sodium formate by silver nitrate, zinc and 
calcium nitrates have been found to be great retarders, and in 
their presence the temperature coefficient is higher than that 
determined in their absence. 

In the oxidation of sodium formate by iodine, potassium iodide 
is a retarder; the temperature coefficient does not practically 
change in the presence of potassium iodide. This is due, prob 
ably, to the following reason. From the work of Taylor (Prov. 
Roy. Soc. Edin., 1905, 25, 231; 1908, 28, 461) on the viscosity 
of aqueous solutions the following results are obtained: 

Viscosity of 
N-potassium Viscosity of 
Temperature. iodide. water. 
0-854 1-000 


0-583 0-640 
0-467 0-501 


The ratio of the viscosity of water at 25° and 15°=0°793, whils 
that of N-potassium iodide is 0°801. It is well known that 
the greater the viscosity, the smaller is the velocity coefficient 
of a reaction. Evidently in the presence of potassium iodide the 
ratio of the velocity coefficients at 25° and 15°, that is, the 
temperature coefficient, would be smaller than that obtained in 
water. This effect is more pronounced with more concentrate! 
potassium iodide solutions. In the presence of a large excess af 
potassium iodide, the experimental results show that the temper 
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ture coefficient, instead of being higher, is actually lower than the 
value obtained with very dilute solutions. In these cases the 
changes in viscosity more than counterbalance the effect due to 
the change of “active” molecules into the “inactive”’ state. 

Lewis (T., 1914, 105, 2330; 1915, 107, 233; 1916, 109, 796) 
has studied the hydrolysis of methyl acetate and sucrose in the 
presence of different concentrations of hydrochloric «acid at 
different temperatures, but in both these cases the difference 
obtained in the temperature coefficients of a feebly and a strongly 
catalysed reaction is very small. His results may be explained in 
the light of the viscosity changes already indicated. 

On the other hand, the work of Clark (J. physical Chem., 1907, 
11, 353), who has studied the accelerating effect of chromic acid 
on the interaction of bromic and hydriodic acids, and of Miiller 
(Bull. Soc. Chim., 1911, [iv], 9, 185) on the accelerating effect of 
hydrochloric acid on the action of iodine on sodium dithionate, 
shows that the temperature coefficient falls off with the increase in 
the concentration of the catalysts. 

Moreover, Holmberg (Zettsch. physikal, Chem., 1912, 79, 146) 
has studied the action of hydroxides of the alkali and alkaline 
earth metals on the hydrolysis of dibromosuccinice acid, and has 
found that the greater the acceleration the smaller is the tempera- 
ture coefficient. The work of de Bruyn and Sluiter (Proc. K. 
Akad. \l'etensch. Amsterdam, 1904, 6, 773) on the transformation 
of acetophenoneoxime into acetanilide is also in favour of the 
hypothesis. 

This is practically all the literature that is available at present 
to test this hypothesis. In spite of the fact that numerous 
catalytic reactions have been investigated, an examination of the 
literature has shown that in very few cases have catalyst and 
temperature been varied simultaneously. 

In studying the kinetics of the reactions described in this paper 
the “isolation method” of Ostwald was always used. In the 
investigation of multimolecular reactions this method has several 
advantages. By increasing the concentration of one of the react- 
ing substances we can increase the speed so as to bring the reaction 
within the range of convenient experimental conditions. The 
oxidation of formic acid by chromic acid is a case in point. The 
study of the kinetics of the reaction is only possible by having an 


excess of formic acid; otherwise the reaction is too slow to measure 
its velocity. 


Moreover, by having an excess of one of the reacting substances, 
the concentration of that reactant does not enter into the question 
of the velocity, and hence the kinetics become much simpler. 

VOL. OXI, H H 
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Although the action of chromic acid on formic acid is a quadri- 
molecular reaction, in the presence of an excess of the latter acid 
the reaction follows the unimolecular formula and becomes quite 
easy to investigate. 

In order to study the effect of dilution on temperature. 
coefficients, the concentrations of the reacting substances have 
been widely varied. In the formic acid oxidation, temperature 
coefficients have been determined using different concentrations of 
formic acid with a definite concentration of chromic acid. 
Although, by the change in the concentration of formic acid, the 
velocity coefficients have widely different values, the temperature 
coefficients remained practically the same in all cases. Exactly 
similar results were obtained in the other reactions investigated in 
this paper. Evidently dilution has no appreciable effect on the 
equilibrium between “active” and “inactive” molecules. In an 
important paper Halban (Zeitsch. physikal. Chem., 1909, 67, 176) 
has shown that unimolecular reactions have larger temperature 
coefficients than those of multimolecular ones. In addition to the 
cases enumerated by him, the following are a few more examples 
in favour of this view. The temperature coefficient of the intra 
molecular change of acetobromoamide has the value 5°37 between 
16° and 25° (van Dam, Rec. trav. chim., 1900, 19, 318), and 
Kremann (Monatsh., 1910, 31, 245, 1051) has shown that the 
temperature coefficient of the velocity of decomposition of ethyl 
hydrogen sulphate in water has the value 4°5 between 55° and 
65°. Also Rivett (Zeitsch. physikal. Chem., 1913, 82, 201) has 
obtained 3°27 for the temperature coefficient of the change of 
acetochloroanilide to pchloroacetanilide. Halban’s view that reac- 
tions which are really multimolecular, but owing to the presence 
of one of the ingredients in excess appear to be unimolecular, have 
higher temperature coefficients seems doubtful. 

In this investigation it has been shown that the oxidations of 
formic and oxalic acids by chromic acid follow the unimolecular 
formula when an excess of formic or oxalic acid is present. 
Although the reactions are unimolecular, the temperature 
coefficients are not high, the values being 2°03 for formic acid and 
1:94 for oxalic acid between the temperature interval of 25° and 
40°. It has already been stated that change in the concentration 
of formic acid, for example, has no effect on the temperature 
coefficient. By increasing the concentration of one of the 
reactants, a bimolecular reaction can be made to appear as 4 
unimolecular one; according to Halban’s view, the same reaction 
will have a temperature coefficient in the unimolecular condition 
different from that in the bimolecular state. This is 1 
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corroborated by experiments. As a matter of fact, the oxidation 
of potassium oxalate by iodine in the dark is a bimolecular reac- 
tion, and has the temperature coefficient 7°2 between 25° and 40°. 
Similarly, the bimolecular reactions—the oxidation of sodium 
formate by iodine and by mercuric chloride—have a temperature 
coefficient of 4°02. It appears, therefore, that the temperature 
coefficients of both bi- and uni-molecular reactions can be higher 
than those of multimolecular reactions. 

In a similar way Hirniak’s work (Chem. Zentr., 1914, i, 3) on 
the temperature coefficients of the reaction between dimethyl- 
aniline and ethyl iodide can be easily explained. In this investiga- 
tion it has been shown that under exactly similar conditions the 
oxidation of oxalic acid by chromic acid has a greater velocity 
and smaller temperature coefficient than those of the oxidation of 
formic acid by chromic acid. Similar results have been obtained 
by Kremann (/oc. cit.) and Hirniak (loc. cit.). From their work 
it can be seen that, when the order of the reactions considered is 
the same, those with greater velocities have smaller temperature 
coeficients. All these facts, and the deduction of Skrabal 
Monatsh., 1914, 35, 1157; 1916, 37, 191) that immeasurably rapid 
reactions have a temperature coefficient of unity, can be easily 
understood on the basis of the hypothesis of “active” and 
‘inactive’ molecules, since an immeasurably rapid reaction is 
possible when the number of “active” molecules are very large, 
and this being the case, temperature will have very little effect 
on this reaction. 

Recently a purely physical concept of active molecules has been 
introduced by Marcelin (Compt. rend., 1914, 158, 161) and Rice 
(Brit. Assoc. Report, 1915, 397). By treating the problem of 
reaction velocity from the point of view of statistical mechanics, 
they have correlated the reaction velocity with the temperature 
on the assumption that only those molecules react which reach a 
“aitical” condition, in which they acquire a certain energy con- 
iderably in excess of the average energy per molecule of the 
system. 

Rice’s equation is 


dlogk _— Ve—Vm+3RT 
dT RT? ; 


where I’m is the mean potential energy of the molecular group in 
(Nestion, so that Ve—Vm is the “critical” increment of energy 
lecessary for the reaction. 

The forces involved are supposed to be electromagnetic, and 
therefore subject to modification due to change of radiation 
density produced by a catalyst. This leads to the conclusion that 
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a positive catalyst, by reducing Ve — Vm, increases k, but decreases 
dlogk/dT, and vice vers& for a negative catalyst. These deduc- 
tions are in agreement with the experimental results brought for- 
ward in this paper. 

Furthermore, in a recent experimental paper on the photo. 
chemical changes occurring in aqueous solutions of chloroplatinic 
acids, Boll (Ann. Physique, 1914, fix], 2, 5, 226) has concluded 
from his work that there exist intermediate active phases of the 
reacting molecules. Goldschmidt (Physikal. Zeitsch., 1909, 10, 
206, 421), from theoretical considerations, also draws a similar 
conclusion. Moreover, the recent work by Baly and his pupils 
(T., 1908, 98, 2108; 1912, 101, 1469, 1475) on the absorption 
spectra of compounds has experimentally proved the existence of 
those very active phases of molecules as intermediate stages in 
chemical reactions such as advocated in this paper. 


In conclusion, I offer my hearty thanks to Professor J. C. Philip 
for his kind help, and to the Research Fund Committee of the 
Chemical Society for a grant which met part of the expenses 
incurred in this research. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpvon, 8.W. [ Received, June 21st, 1917.) 


LXI[IL.—A Synthesis of Tropinone. 
By Rozert Rosinson. 


Amone the noteworthy achievements of Willstatter in connexion 
with his investigation of the chemistry of tropine, there was 
nothing that contributed a greater share to the final solution of 
the problems encountered than the demonstration of the 
constitution of tropinone, a ketone first produced in 1396 (Will 
stiitter, Ber., 1896, 29, 396; Ciamician and Silber, ibid., 490) by 
the oxidation of tropine, and later by a similar method from 
ecgonine (Willstatter, Ber., 1898, 31, 2655). This substance has 
become the central figure in the atropine group of the alkaloids, 
and, as shown below, may be regarded as the natural starting pow 
in the synthetical preparation of a number of bases of great value 
in the practice of medicine and surgery. 
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Tropacocaine r-Cocaine. 

An examination of the details of the reactions involved in the 
above shows that it is improbable that cocaine would be 
synthesised from artificial tropinone, and that the feasibility of 
the preparation of atropine would depend on the elaboration of 
improved methods for the production of tropic acid. On the © 
other hand, given readily accessible tropinone, the technical pre- 
paration of homatropine and tropacocaine would be a compara- 
tively simple matter. By reason of the richness of the field of 
chemistry explored, the synthesis of tropine by Willstatter 
(Annalen, 1901, 317, 204; 1903, 326, 1) is classical, but the 
method employed, which it is unnecessary to recall in all its 
details, appears to be of too complicated a character to admit of 
development into an economical process. It is first of all neces- 
sary to obtain suberone, which is then converted through several 
stages into eycloheptatriene, and finally into tropidine, y-tropine, 
tropinone, and tropine. 

Nevertheless, an inspection of the formula of tropinone (I) dis- 
closes a degree of symmetry and an architecture which justify 
the hope that the base may ultimately be obtained in good yield 
as the product of some simple reaction and from accessible 
materials. By imaginary hydrolysis at the points indicated by 
the dotted lines, the substance may be resolved into succindi- 
aldehyde, methylamine, and acetone, and this observation sug- 
gested a line of attack of the problem which has resulted in a 
direct synthesis. 


OH ——CCH-0,H20,:CH, 


4 

ca, | | 

| NMe CO 

CH, 
\CH—-—C:CH-:C,H,:0,:CH, 


(II.) 
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In searching for a method of synthesis of any substance, it is 
always convenient to be able to recognise the formation of traces 
of the desired product, and in the present instance none of the 
derivatives of tropinone already prepared was found to be so 
suitable for its detection as the dipiperonylidene derivative (II), 
which does not appear to have been hitherto described. With 
the aid of this highly characteristic compound it was proved that 
tropinone is obtained in small yield by the condensation of 
succindialdehyde with acetone and methylamine in aqueous solv- 
tion. An improvement followed on the replacement of the acetone 
by a salt of acetonedicarboxylic acid.. The initial product is a 
salt of tropinonedicarboxylic acid, and this loses two molecules of 
carbon dioxide with the formation of tropincne when the solution 


is acidified and heated. 
HO eo CH,°CO,ca 


+NH,Me —> 


\ 
\cHOo 
CH——CH-00,ca /ou——CH, 
4 
, CH, | 
NMe CO +2HCl—> | ‘NMe 00 
—s +200, 
\CH——OH-CO,ca \cH-—tH, 


+ CaCl, 


Tropinone was also obtained by the hydrolysis of the product 
of condensation of succindialdehyde with ethyl acetonedicarb 
oxylate and methylamine in alcoholic solution. When more 
material is available it is hoped to institute a series of exper 
ments with the object of defining the optimum conditions of the 
synthesis, and it will then be possible to state with more exact 
ness the maximum yield obtainable. However, in spite of the 
small experience so far gained, an experiment is described in which 
the yield of dipiperonylidenetropinone from succindialdehyde wa 
42 per cent. of that theoretically possikle. The method of 
synthesis of bicyclic bases which has been developed is probably of 
general application, and an attempt will be made to synthesise 
y-pelletierine by the condensation of glutardialdehyde with 
methylamine and a derivative of acetone. 
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EXPERIMENTAL. 


Dipiperonylidenetropinone (Formula II). 


Potassium hydroxide (5 grams) dissolved in water (20 c.c.) was 
added to tropinone (2 grams) and piperonal (6 grams) dissolved 
in aleohol (100 c.c.), and the solution was then boiled under reflux 
during fifteen minutes. The derivative crystallised during the 
course of the reaction, and, after the addition of water, was 
collected, washed with water and alcohol, and crystallised from 
ethyl acetate. The yield was quantitative: 


0'1139 gave 0°2991 CO, and 0°0543 H,O. C=71'6; H=5'3. 
C.4H,,0;N requires C=71°4; H=5°2 per cent. 


Dipiperonylidenetropinone separates from ethyl acetate in 
bright yellow needles melting at 214°, and is sparingly soluble in 
most organic solvents. If it is rubbed on the side of a test-tube 
and sulphuric acid added, the substance acquires a coppery lustre 
and then passes into an intense royal-blue solution. This becomes 
green and finally yellow on dilution with water. The salts of the 
substance are in general sparingly soluble, but the acetate dis- 
wlves readily in water to a bright orange-yellow solution. Yellow, 
crystalline precipitates of corresponding salts are obtained on the 
addition to such a solution of hydrochloric, hydrobromic, nitric, 
sulphuric, oxalic, or picric acid. The hydrochloride crystallises 
irom hot water, in which it is sparingly soluble, in yellow, micro- 
sopic needles. The substance is decomposed by hydroxylamine in 
boiling alcoholic solution with the formation of piperonaloxime, 
and presumably of the oxime of tropinone. 

The formation of the dipiperonylidene derivative serves as a 
means of detection of the merest traces of tropinone, and the test 
may be applied in the following manner. A solution which it is 
suspected contains the base may first be acidified and evaporated 
ina vacuum in order to remove possible volatile neutral impuri- 
ties, such as acetone. Alcohol, an excess of piperonal, and 
potassium hydroxide are then added, and the solution heated on 
the steam-bath for two or three minutes and then poured into 
ther. The ethereal solution is washed with water and separated, 
and then agitated with a little dilute hydrochloric acid. If 
tropinone is present, the hydrochloride of the derivative is so 
obtained in a crystalline condition. 
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Synthesis of Tropinone from Succindialdehyde, Methylamine, and 
Acetone. 


In this reaction, which has not yet been sufficiently investi- 
gated, it seemed that the tropinone could only be detected after 
the expiration of a brief period from the time of addition of the 
methylamine. If the reaction mixture was allowed to remain 
overnight, other basic ketones were obtained which condensed with 
piperonal and interfered with the recognition of the desired pro- 
duct. Succindialdoxime (7 grams) suspended in water (30 c.c.) 
was converted into succindialdehyde by means of nitrous fumes 
generated from nitric acid (D 1°3) and arsenious oxide according 
to the method developed by Harries (Ber., 1901, 34, 1494). 
Water (50 c.c.) was then added, and the nitrous and nitric acids 
neutralised by means of an excess of precipitated calcium 
carbonate. After the addition of acetone (5 grams), and then 
methylamine (4°5 grams) dissolved in water (20 c.c.), the mixture 
was allowed to remain during half an hour. The solution was 
acidified with hydrochloric acid and tested for tropinone by the 
method described above. The small quantity of the crystalline 
hydrochloride was collected, treated with a little aqueous ammonia, 
and the base crystallised from ethyl acetate. The yellow needles 
melted at 214°, and at the same temperature when mixed with a 
specimen of dipiperonylidenetropinone. The colour reactions of 
the two specimens in concentrated sulphuric acid were identical. 


Synthesis of Tropinone from Succindialdehyde, Methylamine, 
and Ethyl Acetonedicarborylate. 


a-Succindialdehyde (1 gram) and ethyl acetonedicarboxylate 
(2°5 grams) were dissolved in alcohol (20 c.c.), and, after cooling 
in ice-water, a solution of methylamine (0°5 gram) in alcohol (10 
c.c.) was gradually added during an hour. After remaining over- 
night at the ordinary temperature, the alcohol was removed by 
distillation in a vacuum, and the residue boiled with dilute 
sulphuric acid for half an hour and then evaporated in a high 
vacuum to small bulk. Potassium hydroxide was then added in 
excess, and the mixture distilled in a current of steam. The 
distillate was exactly neutralised with hydrochloric acid, concel- 
trated, and the tropinone contained was identified as in the former 
example by conversion into the dipiperonylidene derivative, 3% 
described above. In this case also the identity of the synthetical 
product was established by the method of mixed melting points. 
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Synthesis of Tropinone from Succindialdehyde, Methylamine, 
and Calcium Acetonedicarbozylate in Aqueous Solution. 


Succindialdoxime (3°5 grams) was converted into dialdehyde in 
the usual manner, and after the neutralisation with chalk the 
solution was made up to 40 c.c. and mixed with acetonedicarb- 
oxylic acid (4 grams) dissolved in water (20 c.c.) and neutralised 
by the addition of calcium carbonate. Methylamine (from 
8 grams of the hydrochloride) in water (10 c.c.) was then gradu- 
ally added, and the whole allowed to remain at the ordinary 
temperature during fifty hoars. The liquid was filtered, acidified 
with hydrochloric acid, and concentrated in a vacuum, using a 
large flask on account of excessive frothing. The residue was 
then rendered alkaline with sodium hydroxide and distilled in a 
current of steam until the distillate was neutral to litmus. This 
solution was then acidified with hydrochloric acid, concentrated 
in a vacuum, and, after the addition of sodium hydroxide, 
repeatedly extracted with ether. The combined ethereal extracts 
were dried over potassium hydroxide, somewhat rapidly in order 
to avoid the formation of salts, and the solvent removed by dis- 
tillation. The residue gradually crystallised, oily impurities were 
removed by contact with porous porcelain, and the substance was 
recrystallised from light petroleum (b. p. 50—60°). Long, 
flattened, pointed, colourless needles were obtained melting at 42°, 
and at the same temperature when mixed with an equal quantity 
of tropinone which had been obtained by the oxidation of tropine. 

In every respect the two specimens were identical. For further 
comparison the picrate was prepared. It crystallised from water 
in canary-yellow needles melting and decomposing at 218—220° 
alone or when mixed with tropinone picrate, which had in this 
case heen obtained by the oxidation of ecgonine. 

The oil separated from the crystalline base was recovered from 
the plate by extraction with ether, and after removal of the 
solvent, piperonal, alcohol, and potassium hydroxide were added 
and the mixture heated during five minutes on the steam-bath. 
The precipitate obtained on the addition of water was collected, 
washed with alcohol, and then crystallised from ethyl acetate. 
Dipiperonylidenetropinone melting at 214° was thus isolated. 

In the above experiment there is some uncertainty as to the 
amount of succindialdehyde started from, since the author, no 
doubt through lack of practice, har never been able to obtain the 
high yield claimed by Harries of from 70 to 80 per cent. In 
order, therefore, to gain some idea of the yield of tropinone from 
succindialdehyde, the following ¢xperiment was made, but the 

H H* 


768 ROBINSON: A SYNTHESIS OF TROPINONE. 


conditions of the synthesis are still under investigation, and it is 
hoped that even better results may ultimately be obtained. 

A solution of succindialdehyde containing inorganic salts was 
first prepared in the usual way and then distilled in a current of 
steam. The distillate was concentrated in a high vacuum until, 
as it later appeared, about a 10 per cent. aqueous solution was 
obtained. Ten c.c. of this solution were diluted with water, and 
the dialdehyde was converted into the diphenylhydrazone, as 
described by Harries (Ber., 1902, 35, 1188). The solution con- 
tained 0°96 gram of succinaldehyde. Twenty-five c.c. (containing 
2°42 grams of the dialdehyde) were mixed with a solution of 
acetonedicarboxylic acid (6 grams) in water (75 c.c.) to which a 
sufficient excess of precipitated calcium carbonate had been added, 
and after cooling in ice-water, methylamine (3 grams) in water 
(10 c.c.) was gradually introduced. The reaction was allowed 
three days for completion, and the liquid was then acidified to 
Congo paper with hydrochloric acid and concentrated in a high 
vacuum. The residue was dissolved in alcohol and the tropinone 
converted into dipiperonylidene derivative in the usual manner. 
The product was collected, well washed with water and a little 
alcohol, and dried at 100°. It weighed 4°1 grams and was free 
from inorganic impurities. The substance was identified as 
dipiperonylidenetropinone, and the above data show that the yield 
of tropinone from succindialdehyde in this experiment was 42 per 
cent. of that theoretically possible. 

The possibility that tropinone might result from the condensa 
tion of succindialdehyde or a derivative with acetone or a deriv- 
ative and methylamine or by the addition of methylamine toa 
cycloheptadienone occurred simultaneously to Professor A. Lap- 
worth and the author, and a joint research was contemplated, but 
Dr. Lapworth’s preoccupation with more urgent investigations did 
not allow him to undertake this fresh experimental work. 


University or LIVERPOOL. [Received, July 13th, 1917.] 
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LXIV.—The Pungent Principles of Ginger. Part I. 
A New Ketone, Zingerone (4-Hydroxy-3-methoxy- 
phenylethyl Methyl Ketone) occurring in Ginger. 


By Hrirosui Nomura. 


TuresH assigned the name “‘ gingerol ’”’ to the pungent principle of 
ginger, and Garnett and Grier (Pharm. J., 1907, [iv], 25, 118) 
claimed to have isolated it. However, no account of an investiga- 
tion of its composition and constitution is to be found in the 
literature, and the present work was undertaken to determine the 
constitution of the pungent principle. 

The new ketone, to which the name “zingerone”’ is assigned, 
was obtained by extracting ginger with ether, followed by 
the treatment described on p. 770, and was proved to have 
the formula C,,H,,O;. It yields monobenzoyl and monoacetyl 
derivatives, and the existence of one methoxyl group in it 
was proved. The methyl derivative, C,,H,,O3, is readily converted 
into its oxime, C,.H,,O,N, by hydroxylamine, which points to the 
presence of one carbonyl group. When the methyl derivative is 
oxidised with potassium permanganate in alkaline solution, veratric 
acid is obtained, and therefore the new ketone must be a 1:3:4- 
derivative of benzene. 

Since sodium hydrogen sulphite combines with the new ketone 
and with its methyl derivative and the latter is oxidisable with diffi- 
culty by an ammoniacal solution of silver nitrate, the group, 
(OCH,, appears to exist in both compounds. If this is the case, 
the constitutional formula of the methyl derivative must be either 
(I) or (II), and the constitution of the original ketone must be 


OMe OMe 


(OMe-CHy CH, OMe COMe-CHMe( OMe 
mh ve easel 
(I.) (II.) 
(ll), (IV), (V), or (VI), according as the methyl derivative has 
the constitution (I) or (II) respectively. In order to decide between 
_ OMe OH 
COMe-CH,- CHK | Sou COMeCH, CH, OMe 
(IV.) 
A OH 
O0Me-CHMe¢ OH COMe-CHMe OMe 
| (V.) (VL) 
these, the following two methods may be used. 
H H* 2 
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I. The constitution of the methyl derivative may be determined 
by examining its products of oxidation by sodium hypobromite or 
hypochlorite. If the constitutional formula of the methyl deriy- 
ative is once determined, that of the original ketone could be 
determined by the introduction of the ethyl group and subsequent 
oxidation. 


II. If the constitution of the methyl derivative is (I), it could f 
be synthesised by the reduction of the condensation product of ” 
vanillin and acetone, and subsequent methylation according to the Bi 
following scheme: . 

C,H,(OH)(Me)-CHO ““"S* 0,H,(OH)(OMe)*CH:CH-COMe "3 
C,H,(OH)(OMe)-CH,CH,-COMe “tS z 

C,H,(OMe),*CH,°CH,*COMe. til 

According as the intermediate product in this synthesis agrees till 
with the new ketone or not, the constitution of the latter must be cen 
either (III) or one of (IV), (V), and (VI). In the latter case, if phi 
the methyl derivative is identical with the above synthetical 3: 4-4di- Was 
methoxyphenylethyl methyl ketone, the constitution of the new mith 
ketone should be (IV). If this experiment fails to yield the methyl extr 
derivative, the constitutional formula of the latter is necessarily with 
(II), and that of the new ketone can be determined by the oxida The 
tion of its ethyl derivative. mate 

Since the yield of the ketone from ginger is poor, the second quan 
method is preferable to the first. Fortunately, by the reduction of niass, 
the condensation product of vanillin and acetone, a substance petro, 
identical with the new ketone was obtained. Its identity was The ¢ 
further proved by comparing its benzoyl derivative and the oxime analy: 
of its methyl ether with the corresponding derivatives of the natur 0-05 
ally occurring ketone. 0-09 

The constitution of the new ketone was, moreover, confirmed by 0-95; 
the first method, namely, by the production, from the methyl denv- 0-16: 
ative, of bromoform and B-3 :4-dimethoxyphenylpropionic acid by ( 
oxidation with sodium hypobromite, and by the formation, from ° 
the ethyl derivative, of ethylvanillic acid by means of potassiul 
permanganate in alkaline solution. There is no doubt, therefore, Zinge 
that the constitution of the new ketone is (III). The investigation JH ‘lves ¢ 
of the other pungent principle and the synthesis of the substanc and red 

analogous to the new ketone are now in progress. ae vis 
‘odlum | 

ExPERIMENTAL, The p 

, the pure 

Dry powdered ginger (367 kilos.) was extracted with ether "Bi smajj qu: 
the cold and the ethereal extract evaporated to a syrupy consist Benzoy 
ency. The syrup was dissolved in a small quantity of ether HE i eo of 
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shaken with 2 per cent. sodium hydroxide for three hours. The 
quantity of sodium hydroxide solution required for the extraction 
of the pungent principles from the syrup was determined by a pre- 
liminary experiment, 500 c.c. of 2 per cent. sodium hydroxide being 
necessary for 100 grams of the syrup. The pungent principles in 
the alkaline solution were deposited by means of carbon dioxide 
free from hydrochloric acid and extracted with ether. The ethereal 
solution was washed with 2N-sodium carbonate solution to remove 
any acid, and then with water until the alkaline reaction disap- 
peared, dried over anhydrous sodium sulphate, and evaporated. 
The yield of residual oil was about 1 per cent. of the original ginger. 
It was distilled under 0°5—1 mm. pressure until the temperature 
of the oil-bath reached 320°, after the previous distillation of vola- 
tile substance under 13—23 mm. pressure. The whole of the dis- 
tillate was diluted with ether and shaken with an excess of a con- 
centrated solution of sodium hydrogen sulphite, whereby the bisul- 
phite compound of the new ketone separated. This was collected, 
washed with ether until the washing was colourless, and decomposed 
with a concentrated solution of sodium carbonate. The oil was 
extracted with ether, the ethereal solution washed several times 
with water, dried over anhydrous sodium sulphate, and evaporated. 
The yield of oil thus obtained was 0°04 per cent. of the original 
material On cooling and continuous agitation with a minute 
quantity of the solid ketone, the oil solidified to a somewhat brown 
mass, which melted at 40—41° after recrystallisation from light 
petroleum (b. p. 50—70°) or a mixture of ether and light petroleum. 
The colourless crystals thus purified gave the following results on 
analysis : 


00944 gave 0°2350 CO, and 0°0629 H,O. C=67:°89; H=7°45. 

00900 ,, 0°2243 CO, ,, 0°0600 H,O. C=67:97; H=7-46. 

02559 ,, 0°2812 AgI. Me=7:03. 

01615 in 19°64 benzene gave At= —0°217°. M.W.=189. 

C,,H,,0O; requires C=68-°00; H=7:27; [Me=7'74 per cent. 
M.W. = 194. 


Zingerone gives a red coloration with Millon’s reagent, dis- 
wolves to a green-coloured solution with alcoholic ferric chloride, 
aid reduces ammoniacal silver nitrate solution on warming. There 
sno visible decomposition on shaking the ketone with 2 per cent. 
‘odium hydroxide for several hours. 

The phenylhydrazone and semicarbazone were not obtained in 
the pure state, owing to the instability of the compounds and the 
‘mall quantities of ketone used for the preparation. 

Benzoyl Derivative—Half a gram of zingerone dissolved in 
Nee. of 5 per cent. sodium hydroxide solution was shaken with 
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3 c.c. of benzoyl chloride for two hours; the precipitate was 
collected and washed with water. After being dried in the desic- 
cator, the substance was twice recrystallised from absolute alcohol 
with the addition of animal charcoal, when it separated in colour- 
less crystals melting at 126—127°. The yield was 0°35 gram after 
one crystallisation : 

0°1058 gave 0°2803 CO, and 0°0590 H.O. C=72'25; H=6°24. 

C,,H,,0, requires C=72°45 ; H=6°08 per cent. 

Acetyl Derivative-—Seven grams of zingerone were boiled for 
one hour under a reflux condenser with 7 grams of fused sodium 
acetate and 25 grams of acetic anhydride. After the removal of 
the excess of acetic anhydride under diminished pressure, the pro- 
duct was extracted with ether and the ethereal solution washed 
with a dilute solution of sodium carbonate and then with water 
until it became free from alkali. The dried ethereal solution was 
evaporated and the residual oil purified by distillation under 
diminished pressure. During the first distillation, almost the whole 
quantity distilled at 202—206°/14 mm., the main portion distill- 
ing at 204—206°. The yield was 7'1 grams. On repeating the 
operation, the substance boiled constantly at 204—205° under the 
same pressure: 

0°1787 gave 0°4317 CO, and 0°1107 H,O. C=65°89; H=6°93. 

C,3H,g0, requires C=66°07 ; H=6°83 per cent. 

On allowing it to remain for a few days, the oil solidified and 
melted at 40—42°, the melting point of the original ketone. It 
differs, however, from the latter in that the crystals give no colora- 
tion with ferric chloride in alcoholic solution and liquefy when 
mixed with the ketone. It is sparingly soluble in light petroleum, 
but readily so in alcohol or benzene. The result of the oxidation 
of this acetyl derivative with potassium permanganate in the 
presence of magnesium sulphate was unsatisfactory. 

Methylzingerone.*—The ketone (5°7 grams) was dissolved in 
30 c.c. of 5 per cent. sodium hydroxide solution and shaken with 
3°5 c.c. of methyl sulphate for half an hour. After removing the 
unchanged ketone by shaking with 5 c.c. of 10 per cent. sodium 
hydroxide solution, the product was extracted with ether, the 
ethereal solution washed several times with water, and shaken with 
a concentrated solution of sodium hydrogen sulphite. The 


* When the determination of the constitution of the ketone was complete 
and that of the other pungent principle in progress, the compounds which 
correspond with the methyl derivative and its oxime were synthesised by 
Kaufmann and Radosevié (Ber., 1916, 49, 675). The description of the 
melting points of these compounds is in agreement with those of the above 
methyl derivative and its oxime respectively. 
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pisulphite compound was collected, washed with ether, decomposed 
with sodium carbonate, and the product extracted with ether. 
The ethereal solution was washed with water, dried over anhydrous 
sodium sulphate, and evaporated. The residual cil was then dis- 
tilled under diminished pressure, when almost the whole quantity 
passed over at 188—189°/17°5 mm. The yield was 2°8 grams. On 
repeating the distillation, a colourless oil boiling at 186°/16 mm. 
was obtained : 

01258 gave 0°3166 CO, and 0°0885 H,O. C=68°64; H =7°87. 

C,oH,,03 requires C=69°19; H=7°75 per cent. 

After several months, the oil partly solidified. On stirring with 
a glass rod, the whole solidified with the evolution of heat, and 
melted at 55—56°. The compound was oxidised with difficulty 
by an ammoniacal solution of silver nitrate. 

Methylzingeroneoxime-——A mixture of methylzingerone (1 
gram), hydroxylamine hydrochloride (0°35 gram), and sodium 
acetate (0°7 gram) was dissolved in dilute alcohol and _ boiled 
for two hours under a reflux condenser. In order to isolate 
the product, the alcohol was removed by gentle evaporation, the 
oily oxime, which, however, readily solidified, collected, washed 
with water, and dried. The yield was 1 gram. The crystals were 
several times recrystallised from dilute methyl alcohol with the 
addition of animal charcoal, when they separated in colourless 
needles melting at 93—93°5°: 


0°1395 gave 8°04 c.c. N, at 22° and 75455 mm. N=6°45. 
C,.H,;,0,N requires N=6°28 per cent. 


Ethylzingerone.—Seven grams of zingerone and 2°1 grams of 
potassium hydroxide were dissolved in warm methyl alcohol, and 
the residue left on the evaporation of the methyl] alcohol was heated 
for three hours under a reflux condenser with 30 c.c. of absolute 
alcohol and 20 grams of ethyl iodide. The alcohol and the excess 
of ethyl iodide were removed, when a brown mass separated, which 
was washed with 2 per cent. sodium hydroxide to remove the un- 
changed ketone, and then with water until it became neutral. 
The mass was now crystallised from dilute alcohol and then from 
light petroleum (b. p. below 60°) with the addition of animal char- 
coal. The yield was 6 grams after one crystallisation from dilute 
alcohol. The crystals thus purified were colourless and gave the 
following results on analysis: 


0'1523 gave 0°3926 CO, and 0°1160 H,O. C=70°30; H=8°52. 
C3H,,0, requires C=70°23; H=8'16 per cent. 
The compound melts at 66°, and is soluble in ether or methyl 
or ethyl alcohol, but insoluble in water. 
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Oxidation of Methylzingerone with Potassium Permanganate, 


The compound (2°3 grams; 1 mol.) and 100 ec.c. of 2N-sodium 
carbonate solution were heated under a reflux condenser, and 
390 c.c. of a 3 per cent. solution of potassium permanganate (corre- 
sponding with 5 mols. of oxygen) were slowly run in. The boiling 
was continued until the colour of the permanganate disappeared, 
and the product was cooled and filtered from the precipitated 
manganese dioxide. The filtrate and washings of the manganese 
dioxide were treated with ether to remove any unchanged methyl- 
zingerone, evaporated to a small bulk, and acidified with hydro- 
chloric acid, when a yellow acid (1°8 grams) separated, which after 
recrystallisation from water with the addition of animal charcoal 
and drying at 100—110° melted at 180—181°. The acid prepared 
by the above method was colourless (Found, C=59°13; H=5°82. 
C,H,,O, requires C=59'31; H=5'53 per cent.), and the melting 
point was not changed by admixture with veratric acid. 


Oxidation of Ethylzingerone with Sodium Hypochlorite. 


This oxidation was carried out in an exactly similar manner to 
that employed in the oxidation of the methyl derivative. The 
acid obtained melted at 195—196° (Found, C=61°39; H=631. 
C,,H,.0, requires C=61:20; H=6:17 per cent.) and did not 
depress the melting point of ethylvanillic acid. 


Oxidation of Methylzingerone with Sodium Hypochlorite. 


Two grams of the substance were suspended in an excess of an 
alkaline solution of sodium hypochlorite and warmed on the water 
bath until a clear solution was obtained and no chloroform evolved. 
The solution was rapidly cooled, acidified with sulphurous acid, 
evaporated to a small bulk, and extracted with ether. The ethereal 
solution was dried over anhydrous sodium sulphate, evaporated, 
and the residue was recrystallised from water, from which two 
different acids were obtained. 

The one melted at 180—181° after drying at 100—110°, and this 
melting point was not depressed by admixture with veratric acid. 
The other melted at 95—99°, but it could not be purified owing to 
lack of substance. It is, however, probable that the substance 18 
B-3:4-dimethoxyphenylpropionic acid (m. p. 98—99°). 


Oxidation of Methylzingerone with Sodium Hypobromite. 


The compound (3°1 grams) was shaken for two hours with a 
alkaline solution of sodium hypobromite, which was prepared by dis 
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glving 2°3 c.c. of bromine in ice-cooled sodium hydroxide solution 
(6 grams in 100 c.c. of water), when the reaction of the hypobromite 
yanished. The product was then extracted with ether, and the 
ethereal solution (A) and the alkaline solution (2) were treated in 
the following way. 

(4) The ethereal solution was washed with water until it became 
free from alkali, and the greater part of the ether evaporated. 
The residual solution was freed from any unchanged methylzin- 
gerone by shaking with a concentrated solution of sodium hydrogen 
silphite, washed with sodium carbonate solution, and then with 
water until free from alkali. The ethereal solution thus purified 
was dried over anhydrous sodium sulphate and evaporated. The 
residual oil (2°1 grams) on distiliation gave 0°8 gram of oil boiling 
at 147—148° and possessing the characteristic odour of bromoform. 

(B.) After evaporating to a small bulk, the aqueous solution 
yas acidified with hydrochloric acid, extracted with ether, washed 
several times with a saturated solution of sodium chloride, and 
dried over anhydrous sodium sulphate. On distilling off the ether 
irom the ethereal solution, 2°6 grams of a yellow syrup were 
obtained, which did not solidify on keeping for a few days. The 
yrup was now dissolved in a small quantity of 2N-sodium 
atbonate solution, the solution digested with animal charcoal, 
filtered, and acidified with hydrochloric acid, when a yellow oil 
eparated which on keeping overnight partly solidified to crystals. 
The crystals were collected, freed from the last traces of oil by 
draining on a porous tile, and recrystallised from water with the 
addition of animal charcoal. The crystals thus purified melted at 
%-~99° after being dried over sulphuric acid in the desiccator, and 
vere proved to have the constitution of 8-3 :4-dimethoxypheny]l- 
popionic acid by the mixed melting-point method. The yield of 
the impure crystals was 0°55 gram. 


Synthesis of Zingerone (4-Hydroxy-3-methoxyphenylethyl Methyl 
Ketone), CH,*CO-CH,°CH,°C,H3(OMe)-OH. 


The intermediate compound in this synthesis, namely, 4-hydroxy- 
‘nethoxystyryl methyl ketone, CH,*CO-CH:CH-C,H;(OMe)-OH, 
las been described by Francesconi and Cusmano (Gazzetta, 1908, 
38, ii, 70), who, however, give no details of its preparation. It 
vas therefore synthesised in the following way. 

Seventy c.c. of 10 per cent. sodium hydroxide solution were 
ulded to a solution of 25 grams of vanillin in 100 c.c. of acetone, 
and after being allowed to remain for four days, the solution was 
widified with dilute hydrochloric acid, when a yellow precipitate 
8 obtained. The precipitate was collected, washed with water 
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until free from chloride, and crystallised from dilute alcohol, from 
which it separated in yellow crystals melting at 128—129°, The 
yield was 28 grams after one crystallisation. 

Six grams of this compound were suspended in 100 cc. of 
absolute ether and reduced for nine hours by means of 
hydrogen in the presence of platinum black. The hydrogen 
absorbed was about 800 c.c. (at 23—24° and 752—754 mm.), 
After filtering off the platinum black, the filtrate and ethereal 
washings were evaporated, and the residual oil on distillation 
boiled constantly at 187—188°/14 mm. The yield was 4°8 grams, 
The oil was twice recrystallised from a mixture of ether and light 
petroleum (b. p. below 60°). The crystals thus obtained melted 
at 40—41°: 

0°1629 gave 0°4058 CO, and 0°1090 H,O. C=67°94; H=7'49, 

071244 ,, 0°3113 CO, ,, 00850 H,O. C=6825; H=7°64. 

C,,H,,0, requires C=68°00; H=7°27 per cent. 

The substance sustained no lowering of the melting point by 
mixing with the naturally occurring ketone. The benzoyl deriv- 
ative and the oxime of the methyl] ether melted respectively at 
126—127° and 93—93°5°, and these melting points were not altered 
when the respective compounds were mixed with the correspond- 
ing derivative of the naturally occurring ketone. 


The isolation of zingerone was made for the first time in 
the laboratory of the Agricultural College, Tokyo Imperial Uni 
versity, under Professor Umetaro Suzuki, and after my coming 
to the Science College, Tohoku Imperial University, the work was 
resumed under the guidance of Professor Riko Majima. Since 
then, the separation of the ketone has been effected more easily, 
and its constitution studied with satisfactory results. The author 
wishes to express his hearty thanks to the professors for their kind 


suggestions. 


AGRICULTURAL COLLEGE, IMPERIAL UNIVERSITY OF 
Tokyo, AND ScreNcE COLLEGE, 
IMPERIAL UNIVERSITY OF SENDAI. 
[Received, March 26th, 1917.} 
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LXV.—The Pungent Principle of Ginger. Part 
I. The Chemical Characters and Decomposition 
Products of Thresh’s ‘“ Gingerol.” 


By Arruur Lapwortn, (Mrs.) Leonore Kietz Pearson, and 
Frank ALBert Royce. 


Tue pungent principles of ginger, the rhizome of Zingiber officinale, 
were studied by Thresh (“ Year-Book of Pharmacy,” 1879, 426; 
1884, 516; Pharm. J., 1882, [iii], 12, 721). The pungency was 
attributed to an active principle, “ gingerol,’’ an inodorous sub- 
stance having the general characters of the class of compounds now 
known as “ oleo-resins,’’ which he isolated by means of a somewhat 
complicated fractionation of the alcoholic extract of the drug. He 
attributed to it the approximate formula 2C;H,O, and found that 
on oxidation with chromic acid it yielded “ apparently ” acetic and 
caproic acids (“ Year-Book of Pharmacy,” 1884, 520), together with 
a volatile oil. Thresh seems to have abandoned the work at an 
early stage. 

Garnett and Grier (Pharm. J., 1907, [iv], 25, 118; “ Year Book of 
Pharmacy,” 1909, 344; compare also zbid., 1907, 443) re-examined 
the pungent oleo-resin, gingerol, and simplified and improved the 
method of isolation and purification used by Thresh. They frac- 
tionated the crude mixture of oleo-resins with the aid of petroleum, 
and ultimately obtained a “clear, viscous oil, of a pale straw 
colour, distilling within a range of 235° C. to 250° C.,” the 
pressure referred to being 18 mm. They add: “It could not 
be assumed, without further proof, that this body” (that is, 
the distillate) “was not either a product of destructive dis- 
tillation, or that it was not contaminated with such products ” ; 
they showed, however, that the distillate had the pungency and 
many other characteristics of the original gingerol. In the course 
of their experiments they noted that gingerol was possessed of 
phenolic characters, gave a green colour in alcoholic solution with 
ferric chloride, a precipitate with bromine, and that the solution 
in alkalis, especially when warm, undergoes a change which results 
in a loss of the pungent character in the dissolved oil. The latter 
observation was made use of in devising a simple means of distin- 
guishing between extracts of ginger and of capsicum respectively, 
as the latter is not affected in pungency by alkalis and is often 
used to adulterate or fraudulently to replace the former. 

The present authors were invited by Messrs. Garnett and Grier 
to continue the work on gingerol, and carried out the experiments 
described in this paper with a large sample of an alcoholic extract 
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of African ginger, the most pungent variety on the market. This 
extract was kindly made for them by James Woolley and Sons, 
Manchester. 


Method Used in Isolating Gingerol, 


The residue from the alcoholic extract was treated repeatedly 
with aqueous alcohol of 35 per cent. strength, which is considerably 
weaker than was used by Thresh or by Garnett and Grier; it was 
found that this dissolved the inactive resins much less freely and 
gave a more rapid separation. Alcohol was removed from the clear 
extract by evaporation in a vacuum at the lowest possible tempera- 
ture, the oil which separated being freed from as much water as 
possible and re-extracted with alcohol of about 50 per cent. 
strength. Milk of lime was then added, as suggested by Thresh, 
until only a very slight deposition of calcium compounds took place, 
when the whole was allowed to settle, and the clear liquid made 
neutral to litmus by addition of dilute hydrochloric acid, and again 
freed from alcohol by distillation under diminished pressure. The 
resulting oil was separated from the bulk of water by decantation, 
dissolved in a solvent, such as chloroform, which was subsequently 
dried, and removed by evaporation. The dry crude gingerol was 
then extracted fractionally with hot petroleum, and those portions 
retained which dissolved freely in the hot petroleum, but were 
redeposited on cooling. After removing all traces of petroleum, 
the “refined gingerol’’ was obtained as a viscous, faintly yellow 
oil, entirely soluble in dilute aqueous alkali, and generally having 
all the properties assigned to the material by Garnett and Grier. 

Many various methods were tried for the further purification 
of the refined gingerol, but even the best samples obtained wert 
almost certainly not homogeneous materials, and could be frac 
tionated by means of light petroleum into portions having some 
what different solubilities. As many of the less soluble fractions 
of the oils shared the characters of the most soluble portion, it 
was suspected that gingerol either tends to polymerise or (0 
decompose into simpler products, such as those mentioned later, 
with subsequent recombination of these to products more complet 
than gingerol proper. 

The most highly purified samples obtained were distilled in 4 
cathode-ray vacuum ; they passed over almost completely when the 
temperature of the bath was 135—140°, and the distillate was” 
such cases a clear, faintly yellow oil. Even under these conditions 
there was evidence of slight decomposition (odour of fatty alde 
hydes) and only traces of camphoraceous solid separated from the 
oil after many months. 
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Messrs. Garnett and Grier directed the authors’ attention, at 
the commencement of the work, to the fact that some samples of 
gingerol give a crystalline product when they are shaken with a 
solution of sodium hydrogen sulphite; the present authors found 
that the most highly purified samples do not give any such product, 
but do so after they have been distilled or otherwise somewhat 
strongly heated, or treated with dilute alkalis under certain con- 
ditions. 

Analysis of the best samples of gingerol obtained gave: 

C=71'4; H=9'2; C=71'6; H=9°4. 

C,,H.,O, requires C=63'4; H=8'8 per cent. 
CygHo,0, » Cxz01;H=91 , » 

Thresh found: C=71°27, 71°39, 71°43, and H=9°61, 9°82, 9°52. 

Determination of methoxyl in gingerol : 

Found: Me=7°3, 7°7. 1MeO in C,,H. 0, requires MeO=10°5 ; 
in C\H,,O, MeO=10°05 per cent. (This, for reasons which 
appear later, would indicate a purity of only about 75 per cent.) 


Other Properties of “ Gingerol.” 


The presence of one hydroxyl group at least is indicated by the 
phenolic character of gingerol. The alkaline solution when treated 
with benzoyl chloride, benzenesulphonyl chloride, and similar com- 
pounds or with chloroformic esters, deposited neutral, non-pungent 
oils, which did not show any signs of assuming crystalline form. 
The oil yielded no crystalline oxime or semicarbazone, although 
there was some evidence that a nitrogenous compound was formed 
on treating it with hydroxylamine. Slight heat was evolved on 
mixing phenylhydrazine with gingerol; but neither with that sub- 
stance nor with substituted phenylhydrazines, benzyl- or naphthyl- 
hydrazines did gingerol give any crystalline derivatives. 

The sole derivative of gingerol which was obtained in definitely 
crystalline form was its monomethyl derivative. As this was easily 
purified, whilst the purity of gingerol could not be guaranteed, all 
conclusions as to the true composition and constitution of “ gin- 
gerol”” have been based on an examination of ‘‘ methylgingerol.” 


Preparation and Properties of “ Methylgingerol.” 


Refined gingerol is dissolved in methyi alcohol and treated with 
methyl sulphate and potassium hydroxide successively. From the 
product, ether extracts a neutral oil which deposits crystals, and 
these can be drained and recrystallised from light petroleum. 
About 15 grams of methylgingerol melting at 64° can be obtained 
from 24 grams of the best gingerol which the authors have pre- 
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pared; this is again indicative of the mixed characters of 
gingerol. 

Analyses of different samples of methylgingerol gave the follow. 
ing results: 

C=70°21, 70°44, 70°17, 70°15, 70°05, 70°2. 

H=8'64, 9°08, 8°92, 9°46, 9°19, 9°0. 

MeO = 22°6, 19°8, 19°8. 

Qualitative tests and analysis by the Dumas method showed that 
no nitrogen was present: 

C,g,H.,0, requires C=70°1; H=9°2; 2MeO=20°1 per cent. 
C)9H2 0, ” C=71'2; H=875; 2MeO=20°0 ,, ,, 
C9 Hg994 1” C=70°75; H=94; 2MeO=19°9 ,, ,, 

The molecular weight of “ methylgingerol ” was determined by 
the cryoscopic method in benzene. The numbers obtained were 
271, 309, 308, 316, 323, 323, the numbers required for C,,H,,0, and 
C,,H,,0, being 308 and 322 respectively. 

“ Methylgingerol ” crystallises in slender needles melting at 64°. 
It is insoluble in cold alkalis or acids, but is altered by these if hot 
(compare later). It is also slowly decomposed when it is heated 
above 150°, and rapidly near its boiling point—the odour of fatty 
aldehydes becoming perceptible. 

It is optically active in 2 per cent. solution in chloroform, having 


[a}p + 27°3°. 


Ketonic Properties of ‘“ Methylgingerol.” 


Methylgingerol appears to be attacked slowly by phenylhydr- 
azine, etc., but the products were not obtained in a crystalline form. 
When it is warmed in alcoholic solution with hydroxylamine hydro 
chloride and sodium acetate, however, it gives a crystalline deriv 
ative which was obtained in slender needles from light petroleum. 

Found: C=64°9, 640, 64:1, 64°55; H=9'1, 9°4, 9°0, 9°2; N=43. 

C,sH»90,N,H,O requires C=63°3; H=9'1; N=4'1 per cent. 
C,,9H;,0,N,H,O is C=642; H=93; N=3°9 , » 

The analyses indicate that the substance is methylgingerol oxime 
hydrate. When heated at 110—115° for four hours it lost 4°09 per 
cent. in weight, whilst the theoretical loss for 1H,O is about 51. 
The treatment was not pressed, as there were signs of more profound 
decomposition. * 

The oxime dissolves in cold hydrochloric acid and is reprecip: 
tated by alkali. When it is hydrolysed by acids it is reconverted 
into methylgingerol and hydroxylamine, the former, after recrystal 
lisation, being unchanged in melting point. When this oxime } 
subjected to Piloty’s test for ketoximes, it gives a definite positive 
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reaction, a yellowish-green coloration being obtained in the ethereal 
layer. The whole of the phenomena observed during the various 
stages of the test are not to be distinguished from those observed 
when the related methylzingeroneoxime (p. 786) is treated in the 


same Way. 


Methylgingerol is at once attacked by chromic acid, giving a black 
compound (chromate?), much as many alcohols (for example, men- 
thol) do. It is instantly attacked by phosphorus pentachloride or 
thionyl chloride and hydrogen chloride is evolved. A cold solution 
of methylgingerol in chloroform does not at once discharge the 
colour of bromine in the same solvent, but an action takes place 
only on heating, when hydrogen bromide is evolved. Pure methyl- 
gingerol is also stable towards cold permanganate in acetone solu- 
tion; even after long heating with excess of this reagent, the bulk of 
the compound is recovered unchanged, and this fact may be utilised 
to purify the crude substance from more easily oxidisable materials. 
Prolonged action of hot aqueous permanganate destroys methyl- 
gingerol, fatty acids, veratric acid, and carbon dioxide being formed. 
It is not reduced in the cold by sodium amalgam or by hydrogen 
in the presence of colloidal platinum or palladium. 


Tests for the Hydroxyl Group in Methylgingerol. 


In order to ascertain whether methylgingerol contained free 
hydroxyl, the compound, in amyl ether, was treated with mag- 
nesium methyl iodide in the same solvent in an apparatus similar 
to that used by Sudborough for the determination of hydroxyl by 
this method. On mixing the two solutions, a white precipitate of 
an additive compound was instantly formed, but no trace of 
methane or other permanent gas was detected, even when excess of 
magnesium methyl iodide was used and the temperature was raised 
nearly to 100°. The experiment was repeated several times and 
always gave the same result. On the other hand, methylgingerol is 
quickly attacked by cold acetyl chloride, thionyl chloride, or phos- 
phorus chlorides, and hydrogen chloride is evolved; this change 
takes place rapidly on heating. Again, when methylgingerol is 
sealed up in a tube with rather less than one molecular proportion 
of phenylearbamide, it does not at first dissolve in it, but after 
some weeks in the cold the solid disappears and a clear, viscid liquid 
8 formed in which the odour of phenylearbamide cannot be 
detected. No crystalline derivatives were isolated in either in- 
Stance, but the observations, more especially the last one, are very 
dificult to explain, except on the assumption that methylgingerol 
contains a free hydroxyl group, and the same remark applies to its 
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behaviour with chromic acid. The failure of the substance to give 
methane with magnesium methyl iodide is possibly due to the 
insolubility of the additive product which the reagent seems to 
form by uniting with the compound at the ketonic carbonyl group. 


Oxidation of Gingerol with Chromic Acid. Formation of 
n-Heptoic and (probably) n-Hexoie Acid, 


Thresh oxidised gingerol with chromic acid and obtained what he 
considered to be, probably, acetic and caproic (hexoic) acids, together 
with a volatile oil (/oc. cit., 1884, 520). The present authors dis 
solved about 50 grams of refined gingerol in warm acetic acid of 
about 90 per cent. strength, and added solid chromic acid 
in small quantities at a time until further addition caused no 
immediate effervescence. The liquid was then subjected to distille- 
tion in a current of steam, the latter portions of the distillate being 
collected, extracted with ether, and the latter evaporated. The 
residue was rendered alkaline with sodium hydroxide and once more 
treated with a current of steam, when a small quantity of a neutral 
oil, probably identical with that mentioned by Thresh, passed over 
This oil was not examined more closely, but the alkaline residues in 
the flask were acidified, extracted with ether, and the latter dried 
and fractionated. After some water and acetic acid had distilled, 
the main bulk of the residue, amounting to about 7 grams, passed 
over at 210-—225° and was clearly a mixture of saturated fatty 
acids; on refractionation, the range was not appreciably altered 
(n-hexoic acid boils at 205°; »-heptoic acid at 223°). The fractions 
except the highest and lowest, were mixed, and a sample wes 
titrated with standard alkali in the presence of phenolphthalein « 
indicator. The equivalent found was 125, which corresponds with 
about one part of hexoic acid and two parts of heptoic acid. Tle 
portion of the oxidation product which was not volatile in steam 
was small and nothing definite could be isolated from it. 


Oxidation of Methylgingerol, Formation of Fatty Acids and 
Veratric Acid. 


As the presence of phenolic hydroxyl in gingerol evidently led t 
destruction of the aromatic portion of the molecule by the oxidising 
agent, the oxidation of 8 grams of methylgingerol by meals d 
chromic acid in acetic acid solution was carried out and the 
products were worked up as in the immediately preceding dese 
tion. A mixture of fatty acids was obtained as before, but from 
that part of the product which was not volatile in steam about 
0°9 gram of acid was obtained on extraction with ether. This, whet 
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purified by crystallisation from hot water, formed flat needles melt- 
ing at 180—181°, and its equivalent, found by titration with 
standard alkali, using phenolphthalein as indicator, was 184. It was 
readily identified as veratric acid (equivalent = 182). 


Fusion of Gingerol with Potassium Hydroxide. Formation of 
Prototechuie Acid. 


Stenhouse and Groves (T., 1877, 31, i, 533) found protocatechuic 
acid in the product obtained by fusing crude ginger resins with 
potassium hydroxide. The present authors tried the same experi- 
ment with refined gingerol, and although the great bulk of the 
material carbonised, a small quantity of protocatechuic acid was 
isolated from the product and identified. 


Action of Heat and of Hydrolytic Agents on Gingerol. Formation 
of Aliphatie Aldehydes (mainly n-Heptaldehyde) 
and a Ketone, “‘ Zingerone.” 


It has been mentioned that Messrs. Garnett and Grier had 
noticed that some specimens of gingerol gave a quantity of mixed 
crystalline solids when shaken with aqueous sodium hydrogen sul- 
phite. The present authors find that this is only the case with 
old specimens or material which have been heated alone or with 
acids or alkalis, and such specimens have a peculiar odour whilst 
pure ones are practically odourless. 

If a sample of gingerol which has been distilled under diminished 
pressure is subjected to a current of steam, a certain quantity of a 
volatile oil, with an odour resembling cenanthol (heptaldehyde), 
passes over. This, if extracted from the distillate by ether, is 
obtained as a colourless oil. If the ethereal solution is shaken with 
freshly prepared sodium hydrogen sulphite the bulk of the con- 
tained oil is converted into a mixture of crystalline additive com- 
pounds with the reagent, and these, after washing and draining, 
can be decomposed with aqueous potassium carbonate. The result- 
ing oil consists almost wholly of aldehydes of the fatty series, 
mainly heptaldehyde; when shaken with aqueous hydroxylamine 
acetate it loses its characteristic odour and yields more than one-half 
its weight of crystals, which, after being drained and recrystallised 
once from methyl alcohol, form plates melting at about 53°. 
(Found, C=65'4; H=12°0. C,H,,;NOH requires C=65'1; H=11°7 
per cent.) 

The compound was compared with heptaldoxime (m. p. 53—55°) 
Prepared from commercial cenanthol ; the substances were identical 
In all respects. 
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For the further proof that the compound forming the bulk of 
the above oil is n-heptaldehyde its cyanohydrin was prepared from 
the crystalline hydrogen sulphite compound and hydrolysed. The 
resulting hydroxy-acid (m. p. 66—67°) on titration gave the equive- 
lent 162 (C,H,,O, requires 160) and direct comparison of the corre 
sponding substance from commercial cenanthol afforded proof of its 
identity with a-hydroxy-n-octoic acid. 

The oily residue left after passing steam through distilled 
gingerol, if dissolved in ether and then shaken with aqueous sodium 
hydrogen sulphite, frequently furnishes a small quantity of a solid 
hydrogen sulphite compound of a ketone; the bulk of this may 
remain dissolved in the aqueous layer, from which, as well as from 
the solid, the ketone can be recovered by adding a slight excess of 
hydrochloric acid, boiling off sulphur dioxide, and extracting with 
ether. In this way there is usually obtained a sweet-smelling oil 
with a very pungent taste. 

The new ketone, for which the name “ zingerone’”’ is proposed, 
was not obtained in solid form until a highly purified synthetic 
specimen solidified; various specimens of the compound obtained 
from gingerol subsequently set to solid masses by infection. 

In order to obtain supplies of the ketone from extract of ginger, 
the authors Have since utilised the fact that gingerol is readily, in 
part, decomposed by hot baryta water into aldehydes mainly volatile 
in steam, and the new ketone. By boiling crude extracts of the drug 
with baryta water so long as the odour of cenanthol is perceptible 
in the distillate, acidifying the residue, extracting with ether, and 
subsequently dealing with the ethereal extract in the manner above 
indicated, the new ketone is conveniently and quickly obtained. 

The yield of zingerone from gingerol is very much below thet 
theoretically possible; this is doubtless due to the occurrence af 
polymerisation or secondary re-condensation of the sensitive 


products of hydrolysis. 


Decomposition of Methylgingerol. Formation of Fatty 
Aldehydes and Methylzingerone. 


Purified methylgingerol behaves towards hydrolytic agents and 
when heated alone in much the same way as does gingerol itself 
The yields of the simpler products were in this case, however, mm 
satisfactory, especially when boiling baryta water was used and tht 
fatty aldehydes were removed with the steam as soon as formed. 

Even from recrystallised methylgingerol the fatty aldehydes wet 
of mixed character, and this is in agreement with the mixed natutt 


of the fatty acids obtained on oxidation (p. 782). The — 
ti 


product is in this instance not soluble in alkalis, has no percep 
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odour, and, as it is but very slightly volatile in steam, most of it 
remains in the flask after removal of fatty aldehydes. It is 
recovered by extraction with ether and is readily obtained in 
crystalline form. The properties of this compound, which is the 
monomethyl ether of zingerone, are described later. 


Properties of the New Ketone, C,,H,,0s. 


The compound when pure is a colourless solid which dissolves 
somewhat freely in most of the usual organic media, with the excep- 
tion of petroleum, and crystallises from ether in needles, rhombo- 
hedra, or large, lustrous plates melting at 31—34°. It has a dis 
tinct, sweet odour reminiscent of salicylaldehyde and to a less 
extent of vanillin. It has an extremely pungent taste like that 
of ginger itself, but quantitative comparisons have not yet been 
carried out. 

When warmed with concentrated mineral acids, best with hydro- 
bromie acid, it gives a striking colour reaction. The liquid, at first 
faintly yellow, passes through brownish-yellow, reddish-brown, to 
brown tints, then becomes opaque purple and blue in thin layers, 
and ultimately deep purple; on careful addition of alkali the colour 
becomes blue, then faintly green, or nearly colourless. 

Zingerone is but slightly volatile in steam. As it was not 
obtained in crystalline form until the research was otherwise com- 
pleted, no attempt was ever made to determine the composition of 
the product from gingerol by direct analysis. The formula was 
deduced from those of its solid and more easily purified derivatives. 
The substance dissolves only very sparingly in water, but freely in 
dilute aqueous sodium or potassium hydroxides, being reprecipi- 
tated by carbon dioxide. In alcoholic solutions, it gives a green 
coloration with ferric chloride. Its alkaline solutions give neutral, 
hon-pungent, insoluble products when treated with benzoyl or 
silphonyl chlorides, and with chlorocarbonic esters. These observa- 
tions show that zingerone has a phenolic character. It is optically 
inactive in aleohol or benzene. 

Zingerone also has the character of a ketone, and readily yields 
4 crystalline phenylhydrazone (plates, m. p. about 143°) and semi- 
carbazone (needles, m. p- about 133°); but these, as well as other 
hydrazones and oximes, were found very difficult to purify as they 
quickly decomposed in solution. 

The ethylcarbonato-derivative, C,,H,;0.°0-CO,Et, was prepared 
by cautiously adding ethyl chloroformate to an ice-cold solution of 
the ketone in aqueous sodium hydroxide. The resulting solid was 
collected, dried, and crystallised from ether. 
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Found: C=63'1, 63°2; H=6°7, 6°7. 

C,,H,,0; requires C=63°2; H=6°7 per cent. 

It formed large, flat, calcite-like prisms melting at 45—47°, 

The methyl derivative (methylzingerone), C,,H,;0.°OMe, was pre. 
pared by shaking an ice-cold solution of zingerone in aqueous 
sodium hydroxide with methyl sulphate. It is also obtained, as hag 
already been mentioned, by heating or hydrolysing “ methylgin- 
gerol.” It dissolves readily in most of the usual organic media 
with the exception of petroleum ; it is insoluble in water or alkalis, 
and crystallises from alcohol in colourless needles melting at 
55°5—56°2°. 

Found: C=68°9; H=7°7. 

C,.H,,O3 requires C=69°2; H=7°7 per cent. 

The methyl derivative has no phenolic properties, but it gives 
the same colour. reactions with hydrochloric acid as does zingerone 
itself. It displays ketonic characters, gives crystalline derivatives 
with semicarbazide, phenylhydrazines, and hydroxylamine. It is 
fully saturated, and does not reduce cold permanganate in acetone 
solution or decolorise bromine in chloroform. When oxidised with 
permanganate in dilute aqueous sulphuric acid it gives veratrie 
acid (m. p. 179°; proof by mixed melting point method). 

Methylzingeroneoxime, C\>H,g0.*.NOH, was prepared by warming 
the foregoing compound in alcoholic solution with hydroxylamine 
hydrochloride and excess of sodium acetate. It was isolated by 
diluting with water and extracting with ether. It crystallises from 
light petroleum or ether in slender needles melting at 91—92°. 

Found: C=65°0; H=7°8; N=6'7. 

C,.H,;0,N requires C=64'6; H=7°6; N=6°3 per cent. 

When dissolved in a little pyridine and ether, treated with 
bromine water in excess, and then with hydrogen peroxide 
(Piloty’s test for ketoximes) it gives a definite, although not very 
intense, yellowish-green colour (bromonitroso-compound) — whieh 
passes into the ethereal layer. 


Constitution of Methylzingerone and Zingerone. 


As the sensitive phenolic hydroxyl group of zingerone is absent 
in the methyl derivative, the latter was considered to be the most 
suitable compound with which to begin experiments with the view 
of throwing light on the structure of these substances. 

Attempts to bring about the Beckmann change in the oxime wert 
not fruitful, but the oxidation of methylzingerone itself gave the 


necessary clue. 
When the methyl ether was warmed with aqueous sodium hype 
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bromite, the odour of bromoform soon became perceptible and the 
solid passed into solution. At the end of some hours’ interaction, 
sodium sulphite in excess was added to destroy unchanged hypo- 
bromite, steam was passed through the solution to remove carbon 
tetrachloride and other impurities, then the acid products were 
liberated by addition of mineral acid and extracted with ether. 
The latter extracted a mixture which on repeated recrystallisation 
from ether was resolved into two main portions, one containing 
halogen and the other free from it. The latter formed plates, and 
when recrystallised from water was found to be hydrated, but after 
exposure in a vacuum became anhydrous and melted at 95—97°: 
06573 Gram required 31°5 c.c. V/10-NaOH for neutralisation 
with phenolphthalein as indicator, whence the equivalent = 208 ; 
that required for a monobasic acid, C,)H,,0,*CO,H, being 210. 
The acid agreed in general characters with f-3:4-dimethoxy- 


= = 
Meo’ ~~ SCH CHC, MO’ ~~ SCO. 
™ J 2 2 2 ™* 2 


(t) (11) 
phenylpropionic acid (I) and this inference appeared to be more 
probable as gingerol had yielded protocatechuic acid and methyl- 
gingerol, veratric acid (II). It was clear that methyl zingerone 
must be the methyl ketone of the acid, or 

C19H,0.°CO-CHsg, 
aud therefore probably 
OMe 


MOK CH, *CH,CO-C H,. 


Synthetic experiments, described in Part II., have established the 
truth of this inference. Moreover, a synthesis of zingerone itself, 
which is described in the same communication, has shown that of 
the two alternative formula deducible from that of the methyl 
ether, the formula 


OMe 


HOg ; 7 elt, CH,-CO-CH,. 


must he assigned to zingerone; the latter is therefore 4-hydroxy-3- 
methoxyphenylethyl methyl ketone. 


The Constitution of Gingerol. 


There is no reason to doubt that, except for the numbers of 
carbon atoms contained in the residues which furnish the fatty 
aldehydes on hydrolysis, the structure of the two or more pungent 
constituents of gingerol are essentially similar, and therefore, 
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mutatis murandis, the following remarks are applicable to all such 
constituents. The molecule of that component of gingerol which 
furnishes heptaldehyde clearly has the composition of a compound 
of that aldehyde with zingerone, that is, C;H,,O + C,)H,o(OMe)-OH, 
methylgingerol being C;H,O+Cj9H,(OMe),. The ketonic charac. 
ter of these two compounds is not a matter reasonably admitting of 
doubt, but the function of the fourth oxygen atom is certainly not 
quite clear. 

It is extremely difficult, if not impossible, to depict a condensa- 
tion product of one molecule of heptaldehyde with one of methyl. 
zingerone which accords with the above conclusions, without assum. 
ing that the fourth oxygen atom has hydroxylic functions. The 
only reasonable alternative would appear to involve one of the 
following assumptions: (1) that the carbonyl groups in the ketone 
and the aldehyde are jointly engaged in the grouping 


Do<poe< ; 


but this is not in accordance with the ready hydrolysis of gingerol 
and methylgingerol with baryta water, as such complexes are 
normally stable to alkalis; or (2) that the molecule contains a 
peroxide-like grouping, such as: 


O—O wee . 
1 J or 1 3 

~ bouyt- 
but the two substances have none of the characters of peroxides. 
Again, neither of these assumptions is in harmony with the fact 
that methylgingerol reacts with hydroxylamine, giving a ketoxime 
which yields unchanged methylgingerol once more by mild hydro 
lysis. 

The authors have been forced to infer, therefore, that the fourth 
oxygen atom has hydroxylic functions, and that the failure of 
methylgingerol to give methane with magnesium methyl iodide is 
due to the primary reaction of the reagent with the carbonyl group 
and the insolubility of the additive product ; the reaction of methyl- 
gingerol with acetyl chloride, and more especially with phenyl 
carbamide, are fully in agreement with this view. 

If the presence of the hydroxyl group in methylgingerol 1 
assumed, then this compound and gingerol itself appear 4s 
“aldols,” and the whole of their properties, including the optical 
activity, with one signal difficulty, are readily understood, and the 
pungent constituents of gingerol can be represented by one of the 
two general formule: 
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(H,-CH,-CO-CH,*CH(OH)-[CH,],"CH, 


where the residue C,H,,,, is a saturated alkyl radicle, probably 
normal in all cases, and »=5 and either 4 or 3 (or both). Having 
regard to the very general occurrence in natural products of open, 
straight-chain, aliphatic residues, the first of the two general 
formule appears the more probable. The optical activity of the 
compounds is explicable on the basis of either of the formule 
suggested. 


Summary. 


The oleo-resin, gingerol, the pungent principle of Zingiber 
oficinale, which was first investigated by Thresh and more recently 
by Garnett and Grier, is essentially a mixture of optically active 
saturated phenolic compounds derived from a residue of zingerone, 
or 4-hydroxy-3-methoxyphenylethyl methyl ketone, in association 
with a molecular proportion of the residue of a saturated aliphatic 
aldehyde, which in the main constituent is n-heptaldehyde. The 
constituents are probably “aldols’’ (8-hydroxy-ketones) of the 
general type: 


C,H,(OH)(OMe)-CH,-CH,*CO-CH,*CH(OH)-[CH,],"CHs, 


where n in the principal constituent is 5, and 4, or possibly 3, in 
the main secondary constituent. 

Only traces of solid matter, of camphoraceous appearance, have 
ten observed in gingerol, but methylgingerol, a mixture of the 
uonomethy] ethers of the gingerol constituents, and methylgingerol] 


oxime, has been obtained in crystalline form. 


The work described in this paper and in Part II. was begun early 
in 1914 and carried to its present stage in July, 1915. 

We desire to express our very cordial thanks to Messrs. Garnett 
aud Grier for entrusting us with the continuance of their investiga- 
tions and for the considerable trouble they took to facilitate its 
progress. Grateful acknowledgments are also due to James 
Woolley and Sons, Manchester, for carrying out the large-scale 
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extraction of the drug, and to the British Pharmaceutical Confer. 
ence for the use of a grant from which part of the expenses of the 
research was defrayed. 


OrGANIC CHEMICAL LABORATORIES, 
Tue UNIVERSITY, MANCHESTER. [Reczived, April 27th, 1917. 


LXVI.—The Pungent Principles of Ginger. Part 
II. Synthetic Preparations of Zingerone, Methyl. 
zingerone and Some Related Acids. 

By Artruur LapwortH and Freperick Henry WykeEs. 


In Part I. evidence was adduced that the phenolic ketone, 
“zingerone,’ obtained from gingerol, the pungent oleo-resin of 
ginger, was 4-hydroxy-3-methoxyphenylethyl methyl ketone (I) or 
a position isomeride, and that “ methylzingerone,” the correspond. 
ing ketone from “ methylgingerol,” is its methyl ether, (II), 3:4 
dimethoxyphenylethyl methyl ketone. 
CH,°CH,°CO-CH, CH,°CH,°CO-CH, 
o™ 


, /UMe 
OH 
(I.) 

The authors have prepared these, and also several important 
acids that were required for purposes of comparison, by synthetic 
methods, which in certain cases represent the first direct syntheses 
of the compounds in question and in other cases are simpler or 
give better yields than previous methods. 

The synthesis of methylzingerone presented no difficulty, s 
3:4-dimethoxystyryl methyl ketone (II), from veratraldehyde ani 
acetone, is easily made in good yield and is readily reduced ly 
sodium amalgam, giving 3:4-dimethoxyphenylethyl methyl ketone 
which is identical with methylzingerone (IT). 

CH°CH:Co-CH, CliO CH:CH-CO-CH, 
AN i, 


A= \ OMe 
OMe OH 
(III.) (iV.) 

A similar process for preparing 4-hydroxy-3-methoxyphenylethy! 
methyl ketone by condensing vanillin (IV) with acetone and 
reducing the resulting 4-hydroxy-3-methoxystyryl methyl keto 
(V) gave very poor yields at each stage, but the final product wé 


N 


the 
fror 
sam 
for 

iden 
A 
acet} 
duets 
Th 
hydr 
have 

and ¢ 
prepa 
autho: 
princi 
indica 


ylethy! 
ne and 

ketone 
uct wa 


THE PUNGENT PRINCIPLES OF GINGER. PART II. 791 


identical with zingerone. On the other hand, good yields were 
quickly obtained by the following process. 

Vanillin (V) gives an excellent yield of ethyl vanillylideneaceto- 
acetate (VI) by Knoevenagel and Albert’s method (Ber., 1904, 
37, 4476); this unsaturated ester was easily reduced by means of 
sodium amalgam, and the product with excess of alkali was con- 
verted into an acid, doubtless vanillylacetoacetic acid (VII), which 
when heated lost the elements cf carbon dioxide and was con- 
verted into zingerone (V). 

CH:CAc:CO,Et CH,°CHAc:CO,H CH:CaAc, 
/\ As Mn 
\ joie pi \ /OMe 
OH OH 
(VI.) (VIII.) 

Synthetic zingerone was obtained in crystalline form, and had 
the characteristic sweet odour and pungent taste of the ketone 
from the decomposition of gingerol. The solid when used to infect 
samples of ketone obtained from the drug caused these to solidify 
for the first time. The properties of the synthetic ketone were 
identical in every respect with those of the compound from ginger. 

An attempt to imitate this synthesis through vanillylidene- 
acetylacetone (VIII) was not successful, and the reduction pro- 
duets of the latter compound were not of the type expected. 

The authors’ work included some simple direct syntheses of 
hydroferulic acid (XI) and of hydrocaffeic acid (XIII). These 
have previously been obtained by the reduction of synthetic ferulic 
and caffeic acids (Tiemann and Nagai, Ber., 1878, 11, 650, 672) 
prepared by the Perkin “cinnamic acid synthesis.” As the 
authors’ methods, although obvious enough, are new, if not in 
principle, and are very easily carried out, the steps may be 
indicated. 

Vanillin (V) was condensed with diethyl malonate or ethyl 
yanoacetate, yielding diethyl vanillylidenemalonate and ethyl 
tuillylidenecyanoacetate (IX) respectively. These were readily 
tdueed at. the double bond, and on subsequent hydrolysis with 
‘xcess of alkali were converted into acids, doubtless vanillylmalonic 
«id (X) in both instances. The product when heated yielded 
iydroferulic acid (XT). 

CH:C(CN)-CO, Et CH,*CH(CO,H), CH,°CH,'CO,H 

/\ ot om 


/ 


\ /oMe ate 
OF OH 
(IX.) (X.) 
VOL, CX, 
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A precisely analogous process, applied to protocatechualdehyde 
instead of vanillin, gave hydrocaffeic acid (XIII) through the inter- 
mediate condensation product (XII). 


CH:0(CN)*CO,Et CH,-CH,CO,H 
/\ Fa’ 
| | H 
A OH \ /? 
OH OH 
(XII) (XIIL.) 


It is worthy of remark that all the unsaturated phenolic ketones 
and esters (I, V, VIII, IX, and XII) give solutions in alkali which 
in the thinnest layers exhibit an intense yellow colour that dis- 
appears on reduction at the double bond. The effect is perhaps 
most pronounced with (XII), which exhibits with boric acid a 
reaction very like that associated with, curcumin, the colouring 
matter of turmeric. The constitution which Kostanecki suggests 
for curcumin is 

CH:CH-CO-CH,°CO-CH:CH 


ie /™ 
__ /oMe . )OMs 
OH OH 


in which case it is obviously very closely related to the similar 
compounds dealt with in the present paper. 

The question of the groupings essential to the pungency of 
gingerol, zingerone, and similar compounds is one which one of us 
is hopeful of reserving for a short time. So far, it would appear 
certain that the presence of the free phenolic hydroxyl group is 
essential, and also, not improbably, the ketonic carbonyl suitably 
disposed in a saturated chain attached to the phenolic residue. 


Ex PERIMENTAL. 


I. Synthesis of Zingerone (4-Hydroxy-3-methoryphenylethy! 
Methyl Ketone). 


Preparation of Ethylcarbonatovanillin, 


OMe 
CO.E-0’  SCHO. 
4 a 


As vanillin and its acetyl and benzoyl! derivatives did not readily 
condense with acetone, the ethylcarbonato-derivative, which is neW, 
was prepared by adding one molecular proportion of ethyl chloro 
formate to vanillin dissolved in the requisite quantity of V-sodium 
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hydroxide. The derivative separated in the cold in small, white 
needles, and after an hour was collected and crystallised from hot 
alcohol. 

Found: C=63°3; H=5°9. 

C,,H,,0, requires C=63°5; H=5°8 per cent. 

The substance crystallises from alcohol in slender needles and 
melts at 65°. It is slowly hydrolysed by cold dilute alkali. When 
it was dissolved in excess of acetone and the mixture treated with 
a little dilute sodium hydroxide, an intense yellow colour was pro- 
duced, and apparently a small quantity of the desired condensa- 
tion product was formed, as the neutral product of the reaction, 
when reduced with sodium amalgam, gave an oily mixture which 
had a pronounced pungent taste. The authors have not yet had 
opportunities to follow up these observations. 


Reduction of Vanillylidene Derivatives of Acetylacetone and 
Ethyl Acetoacetate. Formation of Zingerone. 


Vanillylideneacetylacetone, which was prepared by Knoevenagel 
and Albert’s method (Ber., 1904, 37, 4480), forms an intensely 
yellow solution in sodium hydroxide; this colour is discharged by 
shaking the solution with sodium amalgam, and on saturating the 


resulting liquid with carbon dioxide, an oil, doubtless vanillyl- 
acetylacetone, HO-C,H,;(OMe)*CH,°CH(CO-CH;),, is deposited 
and ultimately tends to crystallise; as the oil when heated with 
acid or alkaline hydrolytic agents gave no product with the 
characters of vanillylacetone, its further investigation was not 
undertaken. 

Ethyl vanillylideneacetoacetate, which was also obtained in 
nearly theoretical yield by Knoevenagel and Albert’s method (lec. 
cit, p. 4476), crystallised in pale yellow needles melting at 
1125—113°5°, and as Knoevenagel and Albert give the melting 
point as 120—121°, the authors analysed their product. (Found, 
C=633; H=6°0. C,,H,,O,; requires C=63°5; H=6'l per cent.) 

The ester was dissolved in 10 per cent. aqueous sodium hydroxide 
and the intensely yellow solution shaken violently with washed, 
fluid, sodium amalgam, the whole being kept very cool. When 
the solution no longer displayed a yellow colour in thin layers, it 
was separated from mercury, mixed with 35 per cent. of its weight 
of solid sodium hydroxide, and heated for about eight hours on 
the water-bath, when it was cooled, saturated with carbon dioxide, 
and extracted with ether to remove unhydrolysed ethyl vanillyl- 
acetoacetate, OMe-C,H,(OH)-CH,*CHAc’CO,Et, an oily com- 
pound which represents the first stage in the reduction process. 

31* 
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The aqueous residue was next acidified and extracted with ether, 
the latter then being dried and evaporated. The oily extract 
was heated in a vacuum, when at first carbon dioxide was evolved, 
and the residual material distilled at 175—210°/15 mm. 

In order to separate the products, the distillate was dissolved 
in aqueous sodium hydroxide, which was then saturated with 
carbon dioxide and extracted with ether (‘‘ phenolic extract”), 
the aqueous residue being subsequently acidified with hydrochloric 
acid and again extracted with ether (“acidic extract”). 

The “phenolic extract” when dried and evaporated left a 
brown oil. This was dissolved in N-sodium hydroxide solution 
and treated in the cold with ethyl chloroformate, when the bulk 
of the material in solution was converted into an oil which 
solidified on scratching the vessel with a glass rod. The solid was 
dissolved in ether, the solution dried, and allowed to evaporate 
spontaneously. Large, tabular crystals were deposited, which on 
recrystallisation from light petroleum formed colourless, hex- 
agonal plates melting at 47°5°. 

Found: C=62°'7; H=6'7. 

C,,H,,0,; requires C=63°1; H=6°8 per cent. 

The substance was identical in all respects with the ethyl- 
carbonato-derivative of the ketone (‘‘zingerone’’) obtained from 
gingerol. 

In order to obtain the free phenolic ketone, the foregoing com- 
pound was heated on the water-bath with dilute aqueous sodium 
hydroxide until a homogeneous liquid resulted. Excess of hydro- 
chloric acid was then added and the cooled product extracted 
with ether. After drying and evaporating, the ethereal extract 
left a residue, which was distilled in a vacuum, when the dis 
tillate set to a crystalline mass. 

The solid material, obtained as above, was purified by dissolv- 
ing it in dry ether, adding enough petroleum to cause a turbidity, 
allowing the latter to settle, and then infecting the clear solution 
with a trace of solid 4-hydroxy-3-methoxyphenylethyl methyl 
ketone. On spontaneous evaporation, the liquid deposited lustrous, 
flat, colourless crystals which had the odour of the above ketone 
and melted at 36—37°. 

Found: C=67'7; H=7°2. 

C,,H,,0, requires C=68°0; H=7°3 per cent. 
4-Hydroxy-3-methoxyphenylethyl methyl ketone obtained in this 
way had an extremely pungent taste and was in every respect 
identical in properties with “zingerone.” As has already been 
mentioned, the “zingerone” from the natural source was no 
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obtained in crystalline condition until infected with a trace of 
the synthetic ketone, which had solidified spontaneously after dis- 
tillation in a vacuum. 

4-Hydroxy-3-methoxyphenylethyl methyl ketone is not the only 
product which is formed by reduction of ethyl vanillylideneaceto- 
acetate and subsequent hydrolysis. The “acidic extract” (com- 
pare p. 794) gave on evaporation a small quantity of an acid 
which was moderately soluble in cold water and readily so in hot; 
this formed colourless leaflets melting at 133—134°, and was at 
first believed to be hydrocaffeic acid, which also crystallises in 
leaflets and melts at 137—139°. The substance obtained as above, 
however, unlike hydrocaffeic acid, gives no coloration with ferric 
chloride, and when it is mixed with hydrocaffeic acid the mixture 
melts at 127—132°. A titration with alkali, using phenol- 
phthalein as indicator, gave an equivalent for this acid of about 
240; the quantity of this material obtained in the pure state was, 
however, too small to permit of further investigation. 


Oxidation and Reduction of 3:4-Dimethozxystyryl Methyl Ketone. 
Formation of Dimethyleaffeic Acid and of Methylzingerone. 


3:4-Dimethoxystyryl methyl ketone was prepared by condensing 
veratraldehyde with acetone (compare Francesconi and Cusmano, 
Gazzetta, 1908, 38, ii, 70 et seg.) and purifying it by recrystallisa- 
tin from light petroleum. (Found: C=70°0; H=6°8. C,.H,,0, 
requires C=69°9; H=6'8 per cent.) 

The compound crystallises from carbon tetrachloride in micro- 
wopic leaflets. When it is warmed with concentrated hydro- 
thlorie acid, it gives a deep red coloration, doubtless due to the 
intermediate formation of veratraldehyde, which gives a similar 
reaction. 

3:4-Dimethoxystyryl methyl ketone is readily oxidised when 
suken with aqueous sodium hypobromite, being converted into 
dimethyleaffeic acid, C,H,(OMe).-CH:CH-CO,H, which was 
wwlated in small, flat needles (from water) melting at 180—181°. 
Reduction of 3:4-dimethoxystyryl methyl ketone with the aid 
of Paal and Skita’s or Willstiatter’s methods did not proceed in a 
vty satisfactory manner, but when an alcoholic solution of the 
‘mpound was shaken with liquid sodium amalgam, the bright 
yellow colour rapidly lost its intensity, and when this process was 
taried out in presence of excess of potassium hydrogen carbonate, 
ged yields of the desired reduction product were obtained. It 
"as isolated by diluting the aqueous-alcoholic solution with water, 


‘ttracting with ether, and shaking the ethereal extract with 
11* 2 
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freshly prepared sodium hydrogen sulphite solution. The solid 
hydrogen sulphite compound was collected, washed with ether, 
dried, and then decomposed by warming it with excess of aqueous 
sodium carbonate. By extracting the resulting liquid with ether, 
3: 4-dimethoxyphenylethyl methyl ketone was obtained in quantity 
corresponding with about 80 per cent. of that theoretically possible. 
It was purified by crystallisation from methyl] alcohol. 

Found: C=69°4; H=7°8. 

C,,H,g0, requires C=69°2; H=7°7 per cent. 
The substance formed colourless, odourless needles melting at 


55—56°, and its identity with “methylzingerone,” obtained by h 
methylating ‘“‘zingerone” or by the decomposition of “ methyl. 

gingerol,’’ was established by the usual methods. Its colour he 

reactions with hydrochloric acid and the properties of its oxime 80 

(long, white needles, m. p. 92°) were indistinguishable from those ing 

of the corresponding compounds obtained from “ gingerol.” giv 

H: 

III. Synthesis of Hydroferulic Acid. agr 

Ethyl Vanillylidenecyanoacetate, and 

OMe red 

4 Nep:cvan)- D 

HOK —_ OH:C(CN)-CO, Et . e 

Vanillin and ethyl cyanoacetate were mixed in molecular pro and 

portions and heated on the water-bath until a homogeneous liquid ascri 

was obtained, when a few drops of piperidine were added and On 

the heating was continued until a test portion solidified com in th 

pletely. Alcohol (twice the weight of vanillin present) was added, acetat 
and the whole allowed to cool. The crystals obtained were washed 
with dilute hydrochloric acid, dried, and crystallised from alcohol. 
With material obtained from mother liquors, the total yield o 

condensation product approached that theoretically possible. Hyd 

Found: C=62°2; H=5'3. 1878, 

C,3H,,0,N requires C=63'1; H=5°3 per cent. followin 
Ethyl vanillylidenecyanoacetate separates from alcohol i 

yellow needles melting at 107°. It dissolves in aqueous sodiun HM ¢,,7,, 
hydroxide, giving a solution which shows an intensely yellov 
colour even in thin layers; it is reprecipitated unchanged from 

this solution on the addition of acids. 
Formation of Hydroferulic Acid from Ethyl Vanillylidene- This ¢ 


cyanoacetate, 


The reduction of ethyl vanillylidenecyanoacetate was accoll 
plished by means of sodium amalgam in precisely the same manne 


a little 
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as was used for the reduction of ethyl vanillylideneacetoacetate 
(p. 793). The reduction product [mainly, no doubt, a mixture 
of vanillyleyanoacetic acid, HO-C,H,(OMe)-CH,-CH(CN)-CO,H, 
and its ethyl ester] was heated with excess of potassium hydr- 
oxide until the ester present had been completely hydrolysed, when 
excess of acid was added and the liquid extracted with ether. 
The latter was evaporated and the residue heated in a vacuum 
to expel carbon dioxide; the hydroferulic acid left was purified 
by converting it into its lead salt, which is very sparingly soluble 
in water, and decomposing the latter in aqueous suspension with 
hydrogen sulphide. 

Hydroferulic acid, obtained in the above way, crystallises from 
hot water in stout, white needles melting at 89—90°. It dis 
solves readily in hot water, less readily in cold, and only spar- 
ingly in concentrated hydrochloric acid. Its aqueous solution 
gives no coloration with ferric chloride. (Found: C=60°6; 
H=62. C,,H,,0, requires C=60°6; H=6'1 per cent.) The acid 
agreed very closely in properties with those assigned by Tiemann 
and Nagai (Ber., 1878, 11, 650) to the acid obtained by the 
reduction of ferulic acid. 

Diethyl vanillylidenemalonate, HO-C,H,(OMe)*CH:C(CO,Et),, 
was prepared from vanillin and ethyl malonate by Knoevenagel 
and Albert’s method (Joc. cit., p. 4481). It had the properties 
ascribed to it by these authors. 

On reduction with sodium amalgam and subsequent treatment 
in the manner described in the case of ethyl vanillylidenecyano- 
acetate, it yields hydroferulic acid. 


IV. Synthesis of Hydrocaffeic Acid. 


Hydrocaffeic acid was prepared by Tiemann and Nagai (Ber., 
1878, 11, 672) by the reduction of synthetic caffeic acid. The 
iollowing is a simple alternative synthesis. 


Condensation of Protocatechualdehyde with Ethyl Cyanoacetate. 
Formation of Ethyl a-Cyanocaffeate, 
OH 


Y Now: ' 
HO¢ —_ OH:0(CN)-CO, Et . 


This condensation was effected by means very similar to those 
wed in similar condensations in previous sections, but it was 
found desirable to dilute the mixture of aldehyde and ester with 
a little absolute alcohol. The product, which was contaminated 
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with a brown impurity, was purified by extraction with benzene 
and recrystallisation therefrom. 
Found: C=61'6; H=4'9. 
C,.H,,0O,N requires C=61°8; H=4°7 per cent. 
Ethyl acyanocaffeate is a yellow, microcrystalline solid which 
melts somewhat indefinitely at 162—166°, and dissolves in alkali 


to give an intensely orange solution. A test-paper made by T. 
dipping paper in an alcoholic solution of this ester behaves 0 
towards boric acid in much the same way as does turmeric paper, co 
that is, if moistened with boric acid solution and then heated it bl 
turns brown, but the temperature required is somewhat higher ex] 
than with turmeric. ten 
chi 
Formation of Hydrocaffeic Acid from Ethyl a-Cyahocaffeate. bec 
A solution of ethyl a-cyanocaffeate in alkali was reduced with - 
sodium amalgam until colourless. The resulting liquid, which Sine 
very quickly turned brown on exposure to air, was made strongly the 
alkaline by the addition of solid sodium hydroxide, boiled for eithe 
two days under a reflux condenser, cooled, acidified, and extracted spher 
with ether. The ethereal extract gave an oil which soon deposited as th 
crystals; these were not isolated, but the whole was heated to know, 
expel carbon dioxide, then dissolved in water, treated with animal and it 
charcoal, and allowed to crystallise. The crystals of hydrocaffeic produ 
acid obtained in this way were hexagonal leaflets melting at been 1 
138—139°, were moderately soluble in cold water, readily so in the am 
hot, and their aqueous solution gave a green colour with ferric questic 
chloride, changing to a rich purple on the addition of ammonia. scientif 
These properties correspond closely with those assigned to hydro- Bangal 
caffeic acid by Tiemann and Nagai (loc. cit.). hypoth 
The authors have also found that hydrocaffeic acid is readily conclusi 
obtained from hydroferulic acid by heating it with dilute hydro show th 
chloric acid (about 5 per cent.) at 200° for six hours in a closed untrusty 
tube. be free 
Mation 0 
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LXVIl.—The Determination of Ozone and Oxides of 
Nitrogen in the Atmosphere. 


By FRANCIS Lawry UsHER and Basrur Sansiva Rao. 


Tue investigation recorded in this paper arose from the observation, 
common to residents in tropical climates, that rubber articles and 
cotton and silk fabrics perish, and certain colouring matters are 
bleached, far more rapidly than in temperate latitudes. The 
explanation which at first seems natural, namely, that increased 
temperature or increased intensity of light, or both of these, may be 
chiefly responsible for the observed effects, appears to be inadequate 
because, although the factors named undoubtedly contribute to the 
deterioration of certain articles exposed to their influence, this 
deterioration is well marked in the case of articles kept in compara- 
tive darkness. An alternative hypothesis is that the atmosphere in 
the tropics contains some chemically destructive substance which is 
either absent from, or present in far smaller quantity in, the atmo- 
sphere of higher latitudes. This hypothesis obviously suggests ozone 
as the substance postulated, and it receives support from the well- 
known observations that tropical sunlight exceeds both in quantity 
and in actinic power that of temperate climates, and that ozone is a 
product of the action of ultra-violet light on oxygen. We have 
been unable to discover any satisfactory record of experiments on 
the amount of ozone in the atmosphere in the tropics, and since the 
question is one of considerable practical importance as well as of 
scientific interest, the problem has been attacked experimentally in 
Bangalore. The experiments so far carried out do not support the 
hypothesis, but at present they are too few to permit any definite 
conclusion being drawn. The object of the present paper is to 
show that the methods of estimation hitherto practised are probably 
untrustworthy, and to describe a new method which we believe to 
be free from their defects. This method is applicable to the esti- 
mation of ozone, nitrogen peroxide, and, in certain cases, of hydro- 
gen peroxide. 
Previous Work. 


Much work has been done on the methods of estimating ozone 
and on the application of those methods to the analysis of the atmo- 
phere; a useful summary of it is given in a paper on the subject 
by Hayhurst and Pring (T., 1910, 9'7, 868). Besides the work cited 
in that paper, we may mention that of Keiser and McMaster (Amer. 

hem. J., 1908, 39, 96), who used a solution of permanganate to 
aistinguish between ozone, hydrogen peroxide, and nitrogen  per- 
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oxide. According to these authors, air when passed through per. 
manganate solution is deprived of hydrogen peroxide and nitrogen 
peroxide, and any ozone which it may contain, being unaffected by 
the permanganate, can be estimated by one of the usual methods, 
On the other hand, if the air is passed over powdered manganese 
dioxide, both ozone and hydrogen peroxide are destroyed and the 
nitrogen peroxide may be estimated. Finally, passage through 
chromic acid serves to distinguish between ozone and hydrogen 
peroxide, of which it destroys only the latter. 

Rothmund and Burgstaller (Monatsh., 1913, 34, 75) showed that, 
in the estimation of ozone and hydrogen peroxide, potassium iodide 
is untrustworthy on account of secondary reactions, but pointed 
out that satisfactory results could be obtained by substituting the 
bromide in acid solution for the iodide, and by subsequently adding 
iodide and titrating the liberated iodine. This process is, however, 
unsuited to the estimation of ozone in exceedingly small concen. 
trations. 


Value of Previous Determinations of Ozone, 


Before describing a new method, it is desirable to state the 
grounds on which the older methods are held to be objectionable. 
In the absence of a generally accepted standard method, the objec- 
tions are necessarily incapable of direct proof, but are none the less 
valid. In some instances, the results obtained by different methods 
under the same conditions of time and place are mutually contra 
dictory, but usually no such check is available, and in that case the 
experiments may be open to criticism on physical and chemical 
grounds. Objections on physical grounds are best exemplified in 
the method adopted by Hayhurst and Pring (loc. cit.), and subse 
quently used in a slightly modified form by Pring (Proc. Roy. Soc, 
1914, [A], 90, 204). Here the air to be examined was blown acros 
the surface of a liquid reagent contained in a shallow vessel, the 
efficiency of the arrangement having been tested by passing the 
gases from an ozoniser, mixed with excess of air, through two such 
vessels at the rate of 6 litres per minute, and considered satisfactory 
because “all the ozone was taken up in the first vessel, and no 
appreciable liberation of iodine occurred in the second.” The only 
conclusion that can justifiably be drawn from this experiment 
that the greater part of the ozone in a mixture which was preswll- 
ably far richer in that gas than is atmospheric air was absorbed i? 
the first vessel, whereas the only important question, how much 
ozone escaped absorption, is left unanswered. Chemists who hav 
been concerned with the removal of minute traces of a gas by # 
liquid absorbent will have difficulty in assuming that ozone preset! 
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to the maximum extent of, say, 1 part in 200,000 parts of air can 
have been quantitatively absorbed under such conditions, for it is 
the last traces of the absorbable gas that are so difficult to remove 
from a mixture. The foregoing criticism is probably applicable, 
although not in so marked a degree, to all estimations of ozone 
where the current of air has not been finely subdivided, either by 
passage over a closely packed solid reagent or mechanically before 
passage through a liquid reagent. 

Unless the error introduced by inefficient absorption is large 
compared with the quantity to be measured, it is important only in 
those experiments which claim to have a quantitative significance ; 
whereas if they are objectionable on chemical grounds even their 
qualitative value may be questioned. We venture to suggest that 
all the recorded determinations based on the direct use of potassium 
iodide are untrustworthy for the following reasons, in addition to 
those stated by Rothmund and Burgstaller (loc. cit.). (1) The 
liberated iodine is appreciably volatile in the current of air, even 
when fairly concentrated potassium iodide is used ; (2) when iodate 
is formed, the reaction between the iodic and hydriodic acids which 
occurs when the liquid is acidified is very slow at great dilutions ; 
(3) any nitrous acid present is reduced to nitric oxide, which then 
combines with dissolved oxygen and furnishes more iodine; (4) solu- 
tions of potassium iodide are unstable in the presence of air, even 
in the dark. It is true that the difficulties under the first three 
heads might be surmounted, but the oxidation of a neutral iodide 
solution by air in the dark is bound to occur unless some suitable 
negative catalyst can be found, and must vitiate the results of any 
experiment in which a long time elapses between its commencement 
and the final titration. Most previous workers who have examined 
the stability of potassium iodide solutions agree that iodine is 
liberated by the combined action of air and light, and that in the 
presence of acids—even of so weak an acid as carbonic—oxidation 
may take place in darkness, but it has been found that carefully 
purified iodide * also furnishes iodine in the dark, as is seen from the 
tollowing figures (p. 802), which relate to solutions kept in darkness 
lor two days in the presence of air freed from oxidising impurities. 

The error introduced in this way is certainly small if an experi- 
nent is of short duration, but in some of those carried out by 
Hayhurst and Pring nearly three weeks elapsed before the solution 
was titrated. Even when determinations are carried through 

* Ordinary “‘ pure” potassium iodide appears always to contain free 
tlkali, as well as iodate, and it is possible that the presence of the former 
‘counts for the negative results obtained by some. The iodide used in our 


own experiments was treated with aluminium amalgam to reduce the iodate, 
and was recrystallised from alcohol to remove the alkali. 
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C.e. 
N/1000-thiosulphate 
_ equivalent to 
iodine liberated 
ee, 


Solution in contact with 
Purified air containing carbon dioxide 
Purified air free from carbon dioxide 
Same as in II. ; more concentrated solution... 


rapidly, however, the unavoidable errors due to secondary reactions, 
demonstrated by Rothmund and Burgstaller, remain. The substi- 
tution of cadmium potassium iodide for potassium iodide, recom- 
mended by Baskerville and Crozier (J. Amer. Chem. Soc., 1912, 
34, 1332), does not seem likely to eliminate those errors, the only 
advantage claimed for the cadmium salt being that it is more 
stable to light and to certain impurities. 

The method proposed by Keiser and McMaster (/oc. cit.) is open 
to several objections. In the first place, ozone will not pass un- 
changed through permanganate solution unless nitrogen peroxide 
and hydrogen peroxide are absent, for both these substances reduce 
the permanganate to a manganous salt, which is known to be 
attacked by ozone. Moreover, the speed of the reaction between 
nitrous acid and ozone in aqueous solution is comparable with that 
of the reaction between nitrous acid and permanganate, so that a 
considerable proportion of the ozone must be destroyed during its 
passage through the solution, and the amount of nitrous acid found 
must be too low. Finally, the actual estimation of ozone was carried 
out by the potassium iodide method. 


Ex PERIMENTAL. 


The initial difficulty lay in securing the quantitative removal of 
the very minute traces of ozone and oxides of nitrogen present in 
air, for which purpose probably the only effective apparatus is that 
devised by Reiset and described in Hempel’s “Methods of Gas 
Analysis.” By using this contrivance it would have been possible 
to deal with very large quantities of air, and to attain a corre 
sponding accuracy; but there is one serious objection to such 4 
procedure, namely, the risk of decomposing the ozone catalytically 
during its passage through the fine perforations in the platinum 
disks. This risk would probably be serious even if glass disks were 
used in place of platinum, for it is known that ozone is decomposed 
by contact with broken glass. The alternative method is to shake 
the reagent with a known volume of air in a closed vessel, but if 
this is done the maximum quantity of air that can be conveniently 
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dealt with is about 7 litres, which may be expected to contain not 
more than 0°02 milligram of ozone. This is just ten times the 
quantity that can be detected by any process involving a titration 
of iodine, and since no other titration process is so sensitive it was 
necessary either to sacrifice accuracy or to employ a more sensitive 
method. After prolonged trial of various processes—chiefly modi- 
fications of Rothmund and Burgstaller’s—we finally adopted the 
one which will now be described. Its trustworthiness and accuracy 
will be discussed later. 

In principle the method is extremely simple, and depends on the 
reaction between ozone and alkali nitrite in aqueous solution, a 
reaction which we have found to take place quantitatively accord- 
ing to the equation : 


O; os NaNO, = oO, + NaNOs. 


Two samples of air are taken and collected in 7-litre stoppered 
bottles. One sample is admitted through two tubes containing 
respectively chromic acid and powdered manganese dioxide, and 
the other through a tube containing chromic acid only. The 
samples thus collected are shaken with a dilute standard solution 
of sodium nitrite made slightly alkaline, and the nitrite content of 
the bottles is subsequently determined colorimetrically by the 
Griess-Ilosvay method (production of red dye with a-naphthylamine 
and sulphanilic acid ; see Sutton’s “‘ Volumetric Analysis,” 9th ed., 
p. 449). The first sample of air contains only nitrogen peroxide, 
the ozone and hydrogen peroxide having been destroyed, and the 
increase in the quantity of nitrite in the bottle is equivalent to the 
nitrogen peroxide absorbed. The second sample contains ozone 
and nitrogen peroxide, and the difference between the quantities 
of nitrite in the two bottles after shaking is equivalent to the ozone 
present. The particulars of the procedure at present adopted are 
as follows, and since the success of the method depends on the care 
observed in attention to small details, these will be dealt with rather 
fully. 

The vessels used for collecting the air are 5-kilogram “ ammonia ’ 
bottles with glass stoppers, and have a capacity of about 7 litres. 
They are cleaned thoroughly with chromic acid mixture, washed 
with purified water, and afterwards left for several days full of 
ozonised air to remove all traces of oxidisable matter. The stoppers 
must fit accurately and be free from grease. The samples of 
air are collected over water, and it is necessary that the latter 
should be quite free from dissolved impurities, particularly nitrous 
acid. We prepare a large quantity of distilled water of suitable 
purity and keep it in a stock bottle protected from the atmosphere, 
the same water being used repeatedly, and tested at frequent 
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intervals. The manner of filling the bottles with air is important, 
the following method having been found the most satisfactory. 

The bottle (4) is first filled completely with purified water, and a 
rubber stopper is then pushed into the neck. This stopper carries 
two tubes, of which one (B) admits air, whilst the other (C) serves 
as an exit for the water. The tube (C) is about 30 cm. long and 
of 3 mm. bore, and projects only 1 or 2 mm. inside the stopper, the 
other end being provided with a tap. (B) is of capillary bore, and 
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passes to the bottom of the bottle. 
to the tube or tubes containing th 
dioxide: only sealed glass junctions ar 
of tubes. On inverting the whole appa 
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The chromic acid tube has a bore of 1 cm., and may be either 
straight or U-shaped. It is filled with glass beads coated with 
purified solid chromic acid, and for safety these beads should 
occupy 30 cm. of the tube. Chromic acid purchased as “ pure”’ has 
been found to contain traces of nitric acid, and contaminates air 
passed over it with nitrogen peroxide. The reagent is therefore 
prepared by precipitating barium chromate, washing this thor- 
oughly with water, and then digesting it with moderately dilute 
sulphuric acid, free from nitric acid. The solution of chromic acid 
thus obtained is treated with sufficient baryta water to remove 
any sulphuric acid, and is then concentrated on a water-bath until 
it becomes pasty. At this stage the glass beads are stirred into it, 
and are then introduced into the tube that is to be used, and dried 
ina current of air at 100°. 

The manganese dioxide is mixed with asbestos wool that has been 
well washed and ignited, and the mixture is packed into a tube 
which may safely be one-half the length of the chromic acid tube. 
It is necessary to test the manganese dioxide, since some specimens 
contain traces of alkali or of manganous oxide, and may take up 
small amounts of nitrogen peroxide. 

When the samples of air have been collected the rubber stoppers 
are withdrawn and immediately replaced by the glass ones. The 
latter are then lifted just sufficiently to admit the point of a 
pipette, and the following liquids are introduced: (1) 25 c.c. of 
¥/40,000-sodium nitrite, made up with W/1000-sodium hydroxide 
in place of water; (2) 100 c.c. of pure water. The water used in 
these experiments must, of course, be proved free from nitrous acid 
or any other impurity that could affect the result, and the sodium 
hydroxide must be prepared from metallic sodium and purified 
water, since the solid as purchased always contains traces of 
nitrite. After the introduction of the liquid, the stoppers are 
xeured and the bottles shaken for at least half an hour on a 
shaking machine. The contents of each separately are then made 
up to 250 c.c. These solutions are examined separately in the fol- 
lowing way. Fifty c.c. are mixed with 5 c.c. of the Griess—Ilosvay 
reagent in a small stoppered flask, which is then kept in a water- 
bath at 75° for ten minutes. At the sanie time 50 c.c. of a standard 
wdium nitrite solution (V/400,000) is treated in exactly the same 
way. The solutions are then placed in the observation tubes of a 
Duboseq colorimeter and their strengths compared. Readings are 
taken for eight different positions of the tubes. 

A simple formula can be obtained for calculating the results: 

let V=c.c. of air collected through chromic acid, 

r=ratio of length of column of standard solution to that 
of column of experimental solution. 
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Then the volume concentration of nitrogen peroxide will be 
1 in V/0°014(r—1) of air. And if 
V'=c.c. of air collected through chromic acid and manganese 
dioxide, 
r*=ratio of length of column of standard solution to that of 
column of experimental solution, 


the volume concentration of ozone will be 1 in 1/0°007(r/V- 
r'/V') of air, assuming that nitrite solutions of the strengths given 
above are used. 

It is, of course, possible to estimate hydrogen peroxide in addi- 
tion to ozone and nitrogen peroxide, by collecting a third sample of 
air which has not been passed over any reagent, and treating it 
in exactly the same way as the other samples,* but probably this 
determination would be unsatisfactory in any place where the air 
was not exceptionally “pure,” especially if traces of sulphur 
dioxide or hydrogen sulphide were present. 


Critical Examination of the Foregoing Method. 


Since it is claimed that the process just described is more trust- 
worthy than those previously used for the determination of ozone 
and oxides of nitrogen in the atmosphere, and should replace them, 
it will be well to state the grounds on which that claim is based. To 
give full experimental details would make this paper inordinately 
long; we shall therefore mention only the results of a number of 
experiments which have been made to test various possible sources 
of error. 

In the first place, the reaction on which the method is based is 
complete even at very great dilutions. This was proved by shaking 
a small quantity of exceedingly dilute nitrite solution for half an 
hour with air containing, in one case, a slight excess of ozone, and 
in the other a slight deficiency; it was impossible afterwards to 
detect nitrite in the first or ozone in the second. The nature of 
the reaction could not be investigated at very great dilution owing 
to the absence of a standard method by which to check the estims 
tion of ozone, but it was elucidated in the case of ozone concentrs 
tions between 0°01 and 0°08 per cent. by the application of the 
potassium bromide method. Two bottles were filled simultaneously, 
through a T-tube, with feebly ozonised air, and the percentage of 


* It has been found that hydrogen peroxide does not oxidise nitrite in 
alkaline or neutral solution, but does so rapidly in acid solution. In ést 
mating hydrogen peroxide it is therefore necessary to acidify thé liquid 
This must be done just before addition of the Griess—Ilosvay reagent. 
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ozone in it was determined by the nitrite and bromide methods 
respectively. Four experiments gave the following results: 


I. II. III. IV. 
Nitrite method ...... - 00263 0-0136 0-0124 00-0802 per cent. 


Bromide method ... 00-0254  0-0127 0-:0124 00-0800 99 

The calculations were made on the assumption that one molecule 
of ozone reacted with one of sodium nitrite, and the satisfactory 
agreement shown by the figures proves that assumption to be justi- 
fed. The following facts were established by further experiments. 

(1) When purified air is shaken with water or an aqueous solu- 
tion for one hour, no detectable quantity of ozone is produced. 

(2) Ozone at a great dilution is not appreciably destroyed when 
shaken with water for one hour. 

(3) Hydrogen peroxide present as vapour in air is completely 
destroyed * by passage of the air, at a rate not exceeding 1 litre per 
minute, through a chromic acid tube prepared as described above. 

(4) Ozone is completely destroyed by passage through a tube con- 
taining asbestos-wool mixed with manganese dioxide. 

(5) Ozone is not affected by passage over chromic acid. 

(6) Nitrogen peroxide is not absorbed from air containing it by 
wlid chromic acid + or by manganese dioxide, provided the latter 
contains no alkali or manganous oxide. 

(7) ¥/400,000-Sodium nitrite solution undergoes no alteration 
instrength by shaking for two hours with purified air. 

(8) If air containing nitrogen peroxide is passed through a tube 
of manganese dioxide (a) alone, and (+) with ozone, the amount of 
uitrogen peroxide recovered is in each case the same as that which 
was introduced. 

Effect of Impurities. 


The presence in air of traces of ammonia, sulphur dioxide, and 
iyirogen sulphide does not interfere with the estimation of ozone 
ad nitrogen peroxide, since all three gases are completely 
ittorbed during passage through the chromic acid tube. Air 
tharged with small quantities of these impurities was passed through 
the chromic acid tube and afterwards shaken with a sensitive 
tagent, and in no case was the latter affected. Nessler’s reagent 
"s used for detecting ammonia, dilute permanganate for sulphur 
imide, and an alkaline lead solution for hydrogen sulphide. It 
‘dificult to say whether traces of ammonia would affect the esti- 


*By “completely destroyed” we mean that the quantity of substance 
"maining was undetectable by the most delicate tests. 
| Even chromic acid solution absorbs nitrogen peroxide with great diffi- 
’; In one experiment several hours’ shaking was necessary before it 
“ame impossible to detect nitrogen peroxide in the residual air. 
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mation of hydrogen peroxide, but the other two gases would cer. 
tainly invalidate it. For this reason we attach no importance to 
the nitrite process for the determination of hydrogen peroxide, 
although it might be used in places far removed from towns and 
railways, where sulphur compounds can be shown to be absent. In 
this connexion we would point out that the estimation, and even 
the detection, of hydrogen peroxide in the atmosphere presents 
great difficulties. Hitherto titanium sulphate has been used for 
the purpose, but since nitrous acid immediately destroys the yellow 
colour produced in that reagent by hydrogen peroxide, and ozone 
does so less readily, it is clear that the absence of a coloration does 
not prove the absence of hydrogen peroxide, although the produc. 
tion of the colour would be a qualitative proof of its presence. 

Other impurities likely to be present in air are probably without 
any effect on the process. Chlorine or hydrochloric acid would 
make the estimation of nitrogen peroxide impossible, but would 
not affect that of ozone. 


Accuracy. 


The accuracy of the determination is limited by that of the final 
comparison of colours, provided the experimental solutions are 
“developed ” by the Griess—Ilosvay reagent always under the same 
conditions. In order to find the degree of accuracy obtainable, two 
equal quantities of the same nitrite solution were “‘ developed ” and 
compared. The mean ratio of the lengths of the columns of liquid 
given by eight readings was 1°012 instead of the correct value, 
1000. This error corresponds with 1 part of ozone (or nitrogen 
peroxide) in 25 millions, and is therefore unimportant, for a differ- 
ence of this order of magnitude possesses no interest. A source of 
error was certainly present in our own experiments, in the chang- 
ing of the stoppers of the bottles containing the samples of air, and 
in lifting them for the purpose of introducing liquid. The amount 
of diffusion that could take place in two seconds through the neck 
of a bottle of 7 litres’ capacity must, however, be very small, and 
the remedy is obvious, although we were unfortunately not able 


to apply it. 
Results of Determinations. 


Hitherto only fourteen complete determinations have beet 
made, covering the period between July, 1916, and January, 1917. 
The results are interesting chiefly because on no occasion was 4l) 
ozone found. Indeed, with two exceptions, no one of the thre 
substances looked for was found in a quantity exceeding 1 
20 millions. On November 18th, and again on the 22nd, nitroge? 
peroxide was present to the extent of 1 part in 5 millions and | 1 
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4 millions respectively, the weather having been thundery, with 
very little rain, during the preceding week. The twelve negative 
results show, more clearly than argument, the trustworthiness of 
the process adopted, in the sense that in spite of its delicacy (the 
Griess-Ilosvay reagent used in the way we have described is sensi- 
tive to 1 part of nitrogen peroxide in 56 millions of air) it is 
possible with care to obtain concordant results. 

The interpretation of the results may well be deferred until a 
much greater number, covering a longer period, are available. We 
may remark, however, that there is some ground for the opinion 
that ozone and nitrogen peroxide never occur together in the atmo- 
sphere. It has been shown that, at moderate dilutions, ozone 
rapidly oxidises nitrogen peroxide, so that the latter substance 
cannot be detected, for example, in the air from an ozoniser, whereas 
nitric acid is found in water through which such air is passed 
(compare Chapman and Jones, T., 1911, 99, 1813). If this oxida- 
tion takes place at the great dilutions in which ozone must be 
supposed to exist in the atmosphere, it not only helps to explain 
the surprisingly small quantities both of ozone and of nitrogen 
peroxide found, but may also be considered an important factor 
in the production of the nitric acid which is a normal constituent 
of air. 


CenTRAL COLLEGE, 
Bangatore, S. Inpra. [Received, May 18th, 1917.] 


LXVIII.—Compounds of Ferric Chloride with Ether 
and with Dibenzyl Sulphide. 


By Aquita Forster, CuristopHER Cooper, and Grorcr Yarrow. 


Tar work described in this paper was brought to a close in August, 
1914, and as an early return to these investigations does not seem 
probable, it is thought advisable to place on record such results 
as were obtained. 

As examples of double compounds of metallic chlorides with 
ether may be quoted 

GICI,,2(C,H,),O0 (Atterberg, Ber., 1876, 9, 856). 

AIBr;,(C,H;),.0; HgBr,,3(C,H;),.0; SnBr,,(C,H,).0 (Nicklés, 
Jahresber., 1861, 200). 

TiCl,,(C,H,),0 (Bedson, Journ. Chem. Soc., 1876, i, 311). 

In the following work, a double compound of ferric chloride 
and ether has been isolated and its properties have been examined. 

VOL, Oxr, K K 
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It has been found to combine with ammonia and with organic 
amines, forming insoluble, unstable complexes. 

A double compound of ferric chloride with benzyl sulphide has 
also been isolated. With benzyl chloride it forms tribenzyl- 
sulphinium chloride ferrichloride, a compound prepared by Hof- 
mann and Ott (Ber., 1907, 40, 430) by the condensation of 
benzyl sulphide, benzyl chloride, and ferric chloride. By means 
of these reactions, tribenzylsulphinium cyanide ferrichloride has 
been prepared, from which the free salt, tribenzylsulphinium 
cyanide, has been isolated. 


I 
Ex PERIMENTAL. 3 
Ether Ferrie Chloride. : 

Ten grams of anhydrous ferric chloride were added gradually th 
to an excess of pure dry ether. The ferric chloride dissolved with of 
the evolution of much heat, and during addition the mixture was am 
cooled. The solution was placed in a desiccator, the excess of ; 
ether distilled off under diminished pressure, and the residue dried wh, 
on a porous plate in a vacuum for several days. The product was mel 
a dark red, highly deliquescent solid, soluble in benzene, alcohol, 
or water: 

0°6390 gave 02305 Fe,O, and 11293 AgCl. Fe=252; 
C1=44-02. - 

C,H,,0,FeCl, requires Fe=23°7; Cl=45°0 per cent. beng 

In boiling benzene solution no chlorination was observed. or 
Alcohol and water immediately decompose the compound into ep 
ferric chloride and ether. wi 

Separe 
, ether, 
Action of Heat on Ether Ferric Chloride. "Wig 

At 100° ether ferric chloride slowly decomposes with the evolu- soluble 
tion of ethyl chloride. This decomposition takes place quantita- ether , 
tively at higher temperatures over the free flame, pure ethyl anhydr 
chloride being obtained according to the equation: 0:337 

(C,H,).0,FeCl, = 2C,H,C! + FeOCl. 

The ethyl chloride burnt with the characteristic green flame Rees 
and gave a precipitate of silver chloride with a solution of silver sulhing 
nitrate in nitric acid. The gas was condensed in tubes in a freer light. ¢, 
ing mixture, and the weight obtained corresponded closely with remainin 
the loss in weight of the ether ferric chloride in agreement with into ber 
the above equation. The liquid ethyl chloride boiled at 12—13° Seiate } 
and its vapour density was found to be 35:5 (cale., 32°2). In one BF fery;. ‘a 


experiment 19°5 grams of the compound lost, on heating, 101 
grams, or 52 per cent., whilst the theoretical loss, according to the 
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above equation, is 54 per cent. The ethyl chloride collected 
weighed 9°5 grams. 


The Action of Ammonia on Ether Ferric Chloride. 


On passing dry ammonia gas into a solution of ether ferric 
chloride in cold ether or benzene, a brick-red, amorphous powder 
separated. This was non-hygroscopic, insoluble in organic solvents, 
and was immediately decomposed with water or alcohol. With 
water, some samples dissolved, whereas others deposited ferric 
hydroxide, with solution of ammonium chloride. An analysis 
showed that the ammonia absorbed varied indefinitely from one 
to five molecules per molecule of ether ferric chloride, and a pro- 
duct of definite composition was not prepared, although no doubt 
this could be effected by the use of solutions of ammonia in place 
of ammonia gas. On destructive distillation, these substances gave 
ammonia and ethylamines, ete. 

Aniline forms a double compound with ether ferric chloride 
which separates in dark brown plates, decomposing at 90° before 
melting. 


Compounds of Ferric Chloride and Benzyl Sulphide. 


Benzyl Sulphide Ferrie Chloride—Molecular proportions of 
benzyl sulphide and ferric chloride were dissolved in the minimum 
amounts of ether, and the well-cooled solutions were mixed. The 
wixture was allowed to remain for several hours, during which 
an evolution of heat was evident, and a brownish-yellow mass 
separated. The product, after filtration and washing with dry 
ether, was obtained as lemon-yellow, minute crystals, rapidly 
beoming brown on contact with the moist atmosphere. It is 
‘luble in chloroform, sparingly so in alcohol, and insoluble in 
ther or acetone. It was purified by crystallisation from hot 
anhydrous alcohol or chloroform, and melted at 94°: 

03371 gave 0°0711 Fe,Os. Fe=14-90. 

(C,H;).8,FeCl, requires Fe=14-87 per cent. 

Benzyl sulphide ferric chloride is distinguished from tribenzyl- 
‘ulphinium chloride ferrichloride, which it resembles, by only a 
light colour change when brought into contact with water. On 
‘maining for some hours under water, it completely dissociates 
tuto benzyl sulphide and ferric chloride. Alkalis at once dis- 


toriate benzyl sulphide ferric chloride, forming benzyl sulphide and 
ferric hydroxide. 
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Condensation of Benzyl Sulphide Ferric Chloride with Benzyl 
Chloride. 


The readiness with which benzyl sulphide and benzyl chloride 
combine to form tribenzylsulphinium chloride in the presence of 
ferric chloride is probably due to the intermediate formation of 
benzyl sulphide ferric chloride. This view is supported by the 
ready condensation of benzyl sulphide ferric chloride with benzy! 
chloride. 

Benzyl sulphide ferric chloride (10°3 grams: 1 mol.) dissolved 
in 50 c.c. of chloroform was added to a solution of 4 grams (1 mol.) 
of benzyl chloride in chloroform. The mixture remained in a 
closed vessel overnight, and was then allowed to evaporate, 
Yellow needles were obtained, and identified as _ tribenzyl- 
sulphinium chloride ferrichloride (m. p. 98°5°). 

Benzyl sulphide ferric chloride does not condense with ethylene 
dibromide, with bromoacetic acid, or with benzyl alcohol. In 
agreement with this is the singular fact that benzyl sulphide does 
not form sulphinium derivatives with these compounds when 
brought together in ethereal solution with ferric chloride; in each 
case only benzyl sulphide ferric chloride was obtained. 


Decomposition of Benzyl Sulphide with Ferric Chloride. 


When benzyl sulphide or dibenzyl disulphide and ferric chloride 
in molecular proportions were heated together at 100° for two to 
three hours, tribenzylsulphinium chloride ferrichloride (m. p. 
98°5°) in approximately one-half molecular equivalent was formed. 
The filtrate, after washing the product with dry ether, was found 
to contain much ferrous iron, but no iron sulphide, and its con 
tents, proving to be of a complicated nature, were not further 
identified. 

Similarly, dibenzyl disulphide, benzyl chloride, and ferric 
chloride in molecular proportions in ether do not give a hex#- 
benzyldisulphinium chloride derivative, but tribenzylsulphinium 
chloride ferrichloride, together with the decomposition products 
mentioned above. This decomposition of dibenzyl disulphide is i 
agreement with its well-known hydrolysis with alkalis into bensy! 
mercaptan and the complex decomposition products of bent! 
sulphydroxide. 
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Action of Ammoma on Tribenzylsulphinium Chloride 
Ferrichloride. 


Ammonia gas is absorbed by a solution of tribenzylsulphinium 
chloride ferrichloride, and an insoluble, brown, amorphous solid is 
formed, melting at 80—85°. It was unstable towards water, and 
analyses indicated three equivalents of ammonia per molecule, but 
they were not completed. Aniline and_ tribenzylsulphinium 
chloride ferrichloride combine in chloroform solution to form in- 
soluble, yellowish-green plates, which decompose before melting. 


Tribenzylsulphinium Chloride. 


No means were found for the preparation of tribenzylsulphinium 
chloride in a state of purity... It was obtained from tribenzyl- 
sulphinium chloride ferrichloride by removal of the ferric chloride 
with alkalis as a viscous oil, which, contrary to former statements, 
was found but sparingly soluble in cold water. It appeared in- 
different to solutions of mineral salts, and no double decomposi- 
tion reactions were obtained. The rapid dissociation of tribenzyl- 
sulphinium chloride into benzyl sulphide and benzyl chloride was 
very apparent; it takes place in contact with water and is com- 
plete in three to four hours, and benzyl sulphide is generally to 
be found as a by-product of the reactions of its derivatives. The 
oil obtained as tribenzylsulphinium chloride doubtless contained 
benzyl sulphide and other products of decomposition. 


Tribenzylsulphinium Cyanide Ferrichloride, 
(C,H;*CH,),SCN,FeCl,. 


Molecular proportions of benzyl sulphide and benzyl cyanide 
(phenylacetonitrile) were dissolved in dry ether and added to a 
well-cooled solution of ferric chloride in ether. The mixture was 
cooled and kept in a desiccator overnight, when a mass of crystals 
separated. They were collected, washed with ether, and obtained 
in lemon-yellow crystals melting at 76°, insoluble in ether, but 
soluble in alcohol or chloroform : 

0'2091 gave 04103 CO, and 0°0812 H,O. C=53°50; H=4°31. 

05301 ., 0°01596 (gram) Ny. N=3°01. 

03163 ., 0°0504 Fe,O,. Fe= 11°10. 

02800 ,, 0°1329 BaSO,. S=6°52. 

U»yH>,NS,FeCl, requires C=53°5; H=4:29; N=2°84; Fe=11°32; 
S=6°50 per cent. 
Tribenzylsulphinium cyanide ferrichloride was also prepared in 


814 COMPOUNDS OF FERRIC CHLORIDE WITH ETHER, ETC, 


good yield by the condensation of benzyl sulphide ferric chloride 
and benzyl cyanide in molecular proportions in ethereal solution, 
and identified, by the mixed melting-point test, with the product 
described above. 

On the addition of tribenzylsulphinium cyanide ferrichloride to 
water, only a slight colour change takes place, and no compound 
corresponding with the red bistribenzylsulphinium chloride ferri- 
chloride, [(C;H;*CH,),SCl,],,FeCl, was obtained. 


Tribenzylsulphinium Cyanide, (CgH;*CH,),SCN. 


To a warm solution of tribenzylsulphinium cyanide ferrichloride 
in alcohol was added an excess of ammonia solution (D 0°88). 
The precipitated ferric hydroxide was separated by filtration and 
tribenzylsulphinium cyanide crystallised from the filtrate. It 
forms large, white prisms melting at 41°, and is only sparingly 
soluble in water, but readily so in organic solvents: 

0°1355 gave 0°3932 CO, and 0°0782 H,O. C=79°89; H=6r4l. 

0°2105 ,, 01492 BaSO,. S=9°74. 

0°6506 ,, 0°0288 (gram) N,. N=4°50. 

C.oH,,NS requires C=79°76 ; H=6°34; S=9°67; N=4°23 per cent. 

Tribenzylsulphinium cyanide gave no double decomposition with 
mineral salts in solution. It condensed readily with ferric chloride 
in anhydrous solution, forming tribenzylsulphinium cyanide ferri- 
chloride. A double compound of tribenzylsulphinium cyanide and 
platinum chloride was precipitated from an aqueous alcoholic 
solution in minute, sparingly soluble, red crystals melting at 162°: 


0°6890 gave 0°1378 Pt. Pt=20°0. 
C,,HyS,N,PtCl, requires Pt=19°0 per cent. 

The dissociation of tribenzylsulphinium cyanide in contact with 
water was complete in a few hours, benzyl sulphide and benzyl 
cyanide being formed. The reverse reaction, the direct combina- 
tion of benzyl sulphide and benzyl cyanide, was not found to take 
place in twelve hours’ heating on the water-bath. Hydrolytic 
agents invariably dissociated tribenzylsulphinium cyanide into 
benzyl sulphide and benzyl cyanide and its products, and no deriv- 
ative of the original material could be prepared. 

Preliminary experiments indicated that the reactions described 
also take place when mercuric chloride is used instead of fern 
chloride, and it was proposed to examine the decomposition 0 
benzyl sulphide and dibenzyl disulphide with this condensation 
agent. 

ARMSTRONG COLLEGE, 
NEWCASTLE-ON-TYNE. 


[ Received, May 24th, 1917-] 
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LXIX.—The Effect of Additional Auxochromes on 
the Colour of Dyes. Part II. Triphenylmethane 
and Azo-dyes. 


By PrapHuLLaA CHANDRA GuosH and Epwin Roy Warson. 


Iv two previous papers from this laboratory (Medhi and Watson, 
T., 1915, 107, 1581; Meek and Watson, T., 1916, 109, 544) the 
efect of multiplying the auxochrome groups has been studied 
spectroscopically in the xanthene and anthraquinone groups of 
dyes. In the present paper the investigation has been extended 
to some azo- and triphenylmethane dyes, and some phenylfiuorone 
dyes have been prepared, but have not yet been examined spectro- 
sopically. The results here recorded have been obtained by 
observing with an ordinary spectroscope the positions of the edges 
of the absorption bands in solutions of different concentrations. 
Experience gained with the anthraquinone group has shown that 
it is much preferable to investigate the absorption spectra by 
means of a spectrophotometer, and it is hoped that the present 
work may subsequently be checked by the use of that instrument; 
but the results already obtained are now published, as it is un- 
likely that the authors will have further opportunity to study the 
subject together. 

Little insight has yet been obtained into the mechanism by 
which additional auxochromes affect the absorption spectra. In 
lact, the effects produced are very different in different cases, and 
little explanation is as yet forthcoming as to why such varying 
fects should be produced. In some cases the multiplication of 
aixochromes produces the comparatively small effect of strengthen- 
ing and broadening the absorption bands without much effect on 
their positions, as, for example, in the azobenzene series. In other 
cases the bands are shifted to a considerable extent, but remain 
of about the same breadth. In some cases the breadth is much 
flected; it may be either increased or diminished, whilst yet 
again in other cases additional bands appear. Even in the same 
“ries very diverse effects may be produced for no apparent reason. 
Apparently much more material is required before any explana- 
ton of the effects can be offered. 
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Absorption Spectra Examined. 


Azo-group. 
Aminoazobenzene ......... C,H,'N,'C,H,’NH, | In dilute 
Chrysoidine...........6..006. C,H,;‘N,[1]°C,H,(NH,).,[2 : 4] - hydrochloric 
4:4'-Diaminoazobenzene NH,°C,H,'N,"C,H,'NH, | acid solution. 
Benzeneazophenol ......... C,H;‘N,"C,H,"OH In dilute 
Benzeneazoresorcinol ... C,H,*N.{1]°C,H,(OH).[2 : 4] ot - 
Benzeneazoquinol ......... C,H,"N,{1}°C,H,(OH),[2 : 5] ¢ cme 
Benzeneazocatechol ...... C,H,"N,[{1]°C,H,(OH),[3 : 4] plat “ 
Benzeneazopyrogallol ... C,H,"N.{1]°C,H,(OH),[2: 3:4] aon. 
(Benzeneazo-a-naphthol.. C,H,* N.[1]}°C,,H,"OH[4] 
———— spectrum recorded by Tuck, T., 1909, 95, 1809.) In dilute 
p-Hydroxybenzeneazo -a- potassium 


Benzeneazo-8-naphthol... C,H,*N.{1]°C,,H,"OH[2] pat a a 


p-Hydroxybenzeneazo- 8- 


DINE sacinschiusarsesen OH‘C,H,'N.[1]°C,,H,"OH[4] + parent 
naphthol ...........0000++: OH'C,H,‘N,{1]°C,,H,"OH[2] 


Benzeneazo- 8 - naphthy! - )} In dilute 
BOE scccscvctecceescesane C,H,‘N,[1)'C,,H,"NH.[2] | hydrochloric 

p-Hydroxybenzeneazo- 8 - | acid 
naphthylamine ......... OH’C,H,‘N.[1]°C,,H,"NH.[2] solution. 

Benzeneazo-1:6-di- ) 
hydroxynaphthalene... C,H,*N.[1]°C,,.H,(OH).[4 : 8] 

p-Hydroxy benzeneazo- In dilute 

potassium 


1 : 5-dihydroxynaphth- i 

GOED veccccenccovsnnscsescoce OH’C,H,:'N,[1)°C,,H,;(OH),[4 : 8] hydroxide 
p-Hy droxy benzeneazo- solution. 

1:3-dihydroxynaphth- | 

GREED ccc cccssccccesessscscees OH’C,H,'N,[1]'C,,H;(OH),[2 : 4] 


The results are recorded in Figs. 1—6.* 

It will be observed that the effect of adding a second amino 
group to aminoazobenzene is slight. When the second amino 
group is added to the same benzene nucleus, the front edge of the 
band (the edge nearer the red end of the spectrum) is shifted 
slightly towards the red; when the second amino-group is added 
to the other benzene nucleus, the edge of the band is shifted 
slightly towards the blue. 

The effect of adding a second hydroxyl group to benzeneaz0- 
phenol is similar. When the second hydroxyl group is added to 
the same benzene nucleus, the front edge of the band is shifted 
towards the red. Two additional hydroxyl groups in the same 
benzene nucleus produce the same general effect, namely, a shift 
of the front edge of the band towards the red. The shift 
greatest in the case of benzeneazocatechol, then come benzeneaz 
pyrogallol, benzeneazoquinol, and benzeneazoresorcinol in ordet, 


* Compare Tuck (T., 1907, 91, 450) for absorption spectrum of benzene: 
azophenol ; Hewitt and Thole (T., 1910, 97, 513) for aminoazobenzene, and 
Hartley (T., 1887, 51, 156) forichrysoidine. 
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according to the displacement produced. These results are in 
agreement with the generalisation already pointed out (Meek and 
Watson, oc. cit., 558), that two hydroxyl groups in the o- or 
position with respect to one another give a deeper colour than 
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Benzeneazoquinol of potassium hydr- 
Benzeneazoresorcinol _ oxide. 


‘wo hydroxyl groups in the m-position. The effect of two hydroxy] 
soups in the o-position with respect to one another is greater 
than that of three adjacent. (The blue colour of benzeneazo- 
quinol in potassium hydroxide is fugitive, and the absorption 
‘spectrum of this blue solution could not be observed.) 

K k* 
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Hewitt (T., 1909, 95, 1295) has recorded the absorption spec- 
trum of aminobenzeneazophenol in dilute hydrochloric acid. Com- 
paring it with that of aminoazobenzene, we see that in this case 
also the additional auxochrome has shifted the front edge of the 
band towards the red. Hewitt’s observations extend into the 
ultra-violet, so that the effect of the additiona! auxochrome can 
be more completely described. Aminoazobenzene in dilute hydro- 
chloric acid solution has two bands, one partly in the visible 
spectrum and the other completely in the ultra-violet. The addi- 
tional auxochrome shifts both bands a little towards the red and 
increases their persistency. 


Fie. 3. 


Wave-lengths. 


7000 66 62 58 54 5000 46 42 
oy ttt tt 
\ 

> - Tit ttt tH 
: 18}-- 1 oe ee ee 
=: | | S 

° “y 
°: 16|_] ‘ 
ss 2 
» 
SS 14 i y 
$8 \ 4 
S38 10 . i 
2s as by j 

2 '~ ‘4 7 
5s 10 NY 
3S NX La 
SZ 
x 
S 


Benzeneazo-a-naphthol with sodium alkyloxide. (Tuck.) 
----- p-Hydroxybenzeneazo-a-naphthol with 20 times the 
theoretical quantity of potassium hydroxide. 


The addition of a hydroxyl group to the benzene nucleus of 
benzeneazo-a-naphthol produces only a slight increase in the per- 
sistency of the band, but if the extra group is added to the 
naphthalene nucleus in the ana-position with respect to the 
original hydroxyl group, the band is not only strengthened, but 
is shifted a long way towards the red. Two additional hydroxy! 
groups, one in the benzene nucleus and the other in the naphtha 


shifts ¢ 
eXistene 
the Case 
Seeing to 
fisting 
Violet, 7 


lene nucleus in the ana-position with respect to the original the hyd, 
hydroxyl group, have an additive effect, so that the band is shifted tion, y (It 
a little further than in the case of benzeneazo-l :5-dihydroxy- trum of 


naphthalene and is made still a little stronger. Two additional thserved, ) 
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{ 


( 


hydroxyl groups, one in the benzene nucleus and the other in the 
m-position with respect to the original hydroxyl group in the 
naphthalene nucleus, produce scarcely any shift of the original 
absorption band, but only a strengthening. This result is in 
agreement with our previous experience that an auxochrome added 
in the m-position with respect to one already present has very 
little effect on the absorption. 

Very different is the effect of the addition of a hydroxyl group 
to the benzene nucleus of benzeneazo-8-naphthol, which not only 
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———-—  Benzeneazo-a-naphthol with sodium alkyloxide. (Tuck.) 

With 20 times 
-----  Benzeneazo-1 : 5-dihydroxynaphthalene the theoretical 
‘s"=:-- p-Hydroxybenzeneazo-1 : 5-dihydroxynaphthalene . quantity of 


p-Hydroxybenzeneazo-1 : 3-dihydroxynaphthalene | potassium 
| hydroxide. 


‘hifts the existing band further towards the red, but calls into 
«xistence an entirely new band still further towards the red. In 
the case of benzeneazo-8-naphthylamine, a similar addition also 
‘els to call into existence a new band, but apparently the already 
‘tisting band is shifted backwards, that is, towards the ultra- 
violet. This may be because the additional auxochrome, that is, 
the hydroxyl group, cannot exert its full effect in the acid solu- 
Yon. (It is, however, to be regretted that the absorption spec- 
tum of benzeneazo-8-naphthylamine was not more completely 
observed. ) 
K K* 2 
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Triphenylmethane Group. 


Malachite-green... C,H,*C(CgH,"NMe.):C,;H,:NMe,Cl 

4-Hydroxymala- In dilute 
chite-green OH’C,H,'C(C,H,*N Me,):C;H,:NMe,Cl hydro- 

3:4-Dihydroxy- : - chloric 
malachite-green (OH),C,H,°C(C,H,*NMe,):C,H,:NMe,Cl acid 

2:3:4-Trihydroxy- solution 
malachite-green (OH),C;H,°C(C,H,"NMe,):CgHy:NMe,Cl 4 

C(C,H,°OH).:C,H,:O0 , 

Resaurin C({1]C,H,(OH).[2 : 4])o:[1]C,H,(OH)[2):0[4]} In dilute 

Trihydroxy aurin | potassium 

C({1]C,H,(OH),[3 aaprerncie ts hydroxide 


Trihydr oxyaurin solution. 
b O((1]C,H,(OH).!2 : 5}),:[1]CgHs( OH)[2]:0[4) 


The results obtained by introducing hydroxyl groups into the 
phenyl group of malachite-green are very interesting. The band 
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of least frequency is shifted backwards, that is, towards the ultra- 
violet, whilst the next band is moved forwards from the ultra- 
violet into the visible part of the spectrum. Two hydroxyl group 
in the o-position with respect to one another shift this second band 
further forwards than one hydroxyl group alone is able to do, 
whilst three adjacent hydroxyl groups produce an intermedialt 
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effect (compare the effect of additional hydroxyl groups added to 
benzeneazophenol). These results fall into line with the effect 
produced by the addition of an amino-group to the unsubstituted 
benzene nucleus in Doebner’s violet, when we pass to pararosaniline, 
or the similar addition of a dimetkylamino-group to malachite- 
green, when we pass to hexamethylpararosaniline. In all these 
cases, the addition of auxochromes to the unsubstituted third 
benzene nucleus shifts the first band (the band of least frequency) 
backwards, so that the dye becomes lighter instead of deeper in 
colour. We see the same effect if we compare benzaurin (Meyer 
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and Fischer, Ber., 1913, 46, 74) and aurin, so that it appears to 
be quite a general rule in the triphenylmethane group. It seems 
possible to explain this effect by means of the theory put forward 
by one of us (Watson and Meek, T., 1915, 107, 1567) as to the 
nature of the vibrations causing the colour of dyes. In Doebner’s 
Violet, malachite-green, and benzaurin the vibration passes back- 
wards and forwards through two of the benzene nuclei. In 
pararosaniline, hexamethylpararosaniline, and aurin the vibratory 
pulse, after passing through one benzene nucleus, finds two paths 
open to it, as each of the remaining nuclei is now capable of 
vibration. We may find a mechanical analogy by comparing the 
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transverse vibration of a string with that of a system of three 
strings, each of half its length, tied together at one point and all 
under the same tension, so that they make equal angles with one 
another. Such a system will vibrate quicker than the simple 
string. In the same way, when all three nuclei of the triphenyl- 
methane molecule are capable of vibrating, the period is less than 
when the vibration is confined to two of the nuclei. In the latter 
case, the unsubstituted benzene nucleus may be compared to a 
dead weight at the centre of the simple string, which would make 


Fig. 7. 
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the vibration slower. By comparing Michler’s hydrol and 
malachite-green, we see this effect. 

Nothing can be said as to the cause of the second band in 
malachite-green and the hydroxymalachite-greens. It may be 
suggested that the first band of magenta, which is obviously com- 
pound, is produced by the fusion of the first and second bands of 
Doebner’s violet, the second band having been brought further 
forward by the additional amino-group, which can exert its maxr 
mum effect in dilute acid solution, than by the hydroxyl groups 
in the hydroxymalachite-greens, which could not exert their full 
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effect in acid solution. The same suggestion may be made as to 
the nature of the first band of aurin, which is also obviously 


compound. 
With regard to the aurin derivatives examined, the series 


is not so complete as was desired. Pyrogallaurin could not 
be obtained by Caro’s method (Ber., 1892, 25, 2678), and 
the alkaline solution of catecholaurin fades too rapidly to permit 
of the convenient examination of its absorption spectrum. 
Quinolaurin could not be prepared either by the condensation of 
formic acid and quinol or by Caro’s method (Ber., 1892, 25, 
1941) by the condensation of 3:6:3/:6/-tetrahydroxydiphenyl- 
methane and quinol. In trihydroxyaurins (a) and (6) the band 
is shifted towards the red and becomes much narrower. As might 
have been expected, where there are hydroxyl groups in the 
o-position with respect to one another, the shift is greater than 
where they are para with respect to one another. In resaurin 
the band is shifted backwards. It may perhaps be suggested that 
in this compound fluorone condensation has occurred. 


The Colour of Some Fluorone Dyes. 


The following new compounds of this series have been prepared 
and their colours noted : 

3- Dimethylamino-9-p-hydroxy phenyl-6-dimethylfluorime — dyes 
dull red shades. 

3-Dimethylamino-9-0-p-dihydroxy phenyl-6-dimethylfluorime—dyes 
red shades on chrome. 

2:3 : 7-Trihydroxy-9-0-p-dihydroxy phenyl-6-fluorone — reddish- 
violet in potassium hydroxide solution; dyes reddish-violet shades 
on chrome. 

1:3: 8-Trihydroxy-9-0-p-dihydrozy phenyl-6-fluorone—orange in 
potassium hydroxide solution; dyes orange shades on chrome. 
Discussion of the colour is reserved until the absorption spectra 
have been examined. 


Ex PERIMENTAL. 


p-H ydroxybenzeneazo-1 : 5-dihydroxynaphthalene, 
OH-C, Hy N,°C,,)H;(OH)>. 


An alcoholic solution of 1:5-dihydroxynaphthalene was mixed 
with a concentrated aqueous solution of phydroxybenzene- 
diazonium chloride, and then excess of sodium acetate was added. 
The precipitate was collected and washed thoroughly with water. 
The- substance could not be crystallised, but was extracted with a 
mixture of benzene and alcohol. On concentrating the extract, 
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the pure dyestuff was deposited. It melts at 213—215°, and dyes 
reddish-violet shades on alum- or chrome-mordanted wool. Full 
dyeings are obtained with 2—3 per cent. of the dyestuff. The 
yield is almost theoretical : 
0°1038 gave 8°8 c.c. N, at 25° and 763 mm. N=9°7. 
C,,H,.0,N. requires N=10°0 per cent 


p-Hydroxybenzeneazo-1 : 3-dihydroxynaphthalene, 
OH-C, Hy N,°C,,H;(OH).. 


p-Aminophenol hydrochloride was diazotised in the ordinary 
way and combined with an alkaline solution of 1 : 3-dihydroxy- 
naphthalene. The mixture was acidified after keeping overnight, 
and the precipitate was collected, washed with water, and dried. 
It could not be crystallised. It was purified by dissolving in 
alkali, precipitating with acid, and again dissolving in alcohol 
and precipitating with water. It does not melt below 300°: 

0°1107 gave 10°2 c.c. N, at 29°2° and 76355 mm. N=10'4. 

C,gH,20,N, requires N=10°0 per cent. 


p-Hydroxybenzeneazo-B-naphthylamine, OH*C,H,°N,°C,)H,'NH,. 


An alcoholic solution of B-naphthylamine was added to a con- 
centrated aqueous solution of »hydroxybenzenediazonium chloride. 
The precipitate was crystallised from alcohol, and melted at 
156—157°: 

0°0825 gave 11°4 c.c. N, at 27° and 762 mm. N=15'8. 

C,gH,sON; requires N=15°97 per cent. 

The hydrochloride was deposited in crystalline form on adding 
hydrochloric acid to a hot alcoholic solution of the base and allow 
ing the solution to cool. It melts at 170°. 


o-A minobenzeneazo-a-naphthol, NH,*C,H,N.o*C,,>H,°OH. 


o-Nitrobenzeneazo-a-naphthol was obtained in a finely divided 
state by dissolving in cold concentrated sulphuric acid and pre 
cipitating with water. The precipitate was thoroughly washed 
free from acid, and was then warmed with a large volume (100 c-. 
for 1 gram of the substance) of freshly prepared aqueous 
ammonium sulphide on the water-bath. After a few minutes, the 
whole of the azo-compound passed into solution. On remaining 
overnight, the solution deposited a fine, brown, shining precipitate, 
which was collected, well washed with water, and dried on 4 
porous tile. The substance is very readily soluble in all ordinary 
solvents, and could not be crystallised. It was purified by extract 


AUXOCHROMES ON THE COLOUR OF DYES. PART IIL. 825 


ing with alcohol and precipitating with water. It melts at 
195—196° : 
00915 gave 13°2 c.c. N, at 32° and 761 mm. N=16'18. 
C,gH,,;ON; requires N=15°97 per cent. 
3:6:3/ :6/-T'etrahydroxydiphenylmethane, CH,[C,H;(OH), |v. 


According to Schorigin (J. Russ. Phys. Chem. Soc., 1907, 89, 
1094), this substance is brown, It was, however, obtained as a 
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white, amorphous substance under the following conditions. Two 
and a-half grams of quinol were dissolved on gently warming with 
%5 ee. of hydrochloric acid (1:10); 1 gram of 40 per cent. form- 
aldehyde solution was then added, and the mixture heated on the 
water-bath. The white precipitate of 3:6:3/: 6/-tetrahydroxy- 
diphenylmethane began to appear in a minute, and the heat- 
ing Was continued for ten minutes. The compound could not. be 
‘rystallised. It decomposes above 275°. (Found: C=66°68; 
H=5-44. Ci3H,.0, requires C=67°2; H=5-17 per cent.) 
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Trihydroxyaurin (b), 
C({1]C,H,(OH).[2 : 5])o:[1]C,.H,(OH)[2]-O[4], 

was prepared from 3:6:3/:6/-tetrahydroxydiphenylmethane and 

resorcinol by Caro’s method (Ber., 1892, 25, 941). It could not 

be crystallised. It was purified by dissolving in alkali, precipita- 

ting with acid, and again dissolving in alcohol and precipitating 

with water. The operation was repeated twice to obtain the sub. 

stance in a pure state. The yield was very low: 

0°1020 gave 0°2633 CO, and 0°0413 H,O. C=70°41; H=4 50. 
C,9H,,0; requires C=70°8; H=4°34 per cent. 


Trihydroxyaurin («), 4 
C({1]C.H(OH).[3 : 4])o[1]CsH,(OH)[2]:0[4}, ™ 
was prepared and purified in the same way as the above-mentioned ra 
trihydroxyaurin (6): Pt 
0°1100 gave 02836 CO, and 0°0436 H,O. C=70°3; H=4-4. rt 
C,,H,,0; requires C=70°8; H=4°34 per cent. 0 
4-HydroxyA! :4"-tetramethyldiaminotriphenylearbinol Anhydride, Tl 
or 4-Hydroxrymalachite-green, O:C,H,:C(Cg,Hy NMe,).. reac 
This dyestuff had already been obtained in a qualitative way by bility 
O. Fischer (Ber., 1881, 14, 2523), but not analysed. It was pre 100- 
pared by oxidising the leuco-compound in acetic acid solution with 01 
freshly precipitated manganese dioxide. The paste of manganese 
dioxide obtained from 0°52 gram of potassium permanganate was 3-D 
added to a solution of 1 gram of the leuco-compound in 35 c.c. of pared 
30 per cent. acetic acid. The colour became dark green, and the freshly 
mixture was warmed on the water-bath for an hour and filtered. cipitat 
The filtrate was treated with sodium acetate solution, whereby 4 solutio 
violet precipitate of the dyestuff was obtained, which was crystal 0-104 
lised from a mixture of benzene and toluene. The yield was good 
It dyes mordanted wool in the following shades: blue on alum, 
bluish-violet on chrome, bluish-black on iron. Tannin-mordanted 
cotton is dyed to a dark violet shade: 3D 
0°1240 gave 8°8 c.c. N, at 33° and 763 mm. N=7°98. Two 
C,,H,,ON. requires N=8°13 per cent. m-dimet, 
alcoho], 
2 :4-Dihydrory-4! :4"-tetr a ally add 
2: ydrory-4! :4 -tetramethyldiaminotriphenylearbinol inne 
Anhydride, or 2:4-Dihydroxymalachite-green, "tine ‘Y-fc 
0:C,H,(OH):C(C,H,-NMe,)». the eh 
This dyestuff had already been obtained in a qualitative W*) Mi *id ang 
by Vototek and Krauz (Ber., 1909, 42, 1605), but not analyset HM in a pup, 
It was prepared by oxidising a 30 per cent. acetic acid solution I ative by 
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of the leuco-compound with freshly precipitated manganese dioxide, 
and obtained as a fine blue solid which could not be crystallised. 
It dyes chrome-mordanted wool to a very brilliant blue shade: 
0'1000 gave 7°1 c.c. N, at 33° and 762 mm. N=7°93. 
C,;H.,O,N, requires N=7'77 per cent. 


3:6-Tetramethyldiamino-9-p-hydroxy phenylxanthene. 


One gram of p-hydroxybenzaldehyde and 2 grams of m-dimethyl- 
aminophenol were dissolved in 50 per cent. aqueous alcohol, and 
4 grams of concentrated sulphuric acid were then slowly added. 
The mixture was boiled under a reflux condenser for ten hours, 
and then the alcohol was expelled by boiling with water. The 
leuco-base was fractionally precipitated by sodium acetate, and 
the pure substance was obtained by crystallising the second frac- 
tion from dilute acetone. It melts at 220—221°: 

00995 gave 6°8 c.c. Ny at 32°5° and 762 mm. N=7°68. 

C,3;H,,O,N, requires N=7°77 per cent. 

The benzoyl derivative was prepared by the Schotten-Baumann 
reaction. It could not be crystallised because of its ready solu- 
bility in all common solvents. It melts and decomposes at 
100—105° : 

0'1500 gave 7°9 c.c. N, at 32° and 760 mm. N=5'89. 

Cyy)HogO,N. requires N=6°02 per cent. 
3-Dimethylamino-9-p-hydroxy phenyl-6-dimethylfluorime was pre- 
pared by oxidising the leuco-compound in acetic acid solution with 
freshly precipitated manganese dioxide. The dyestuff was pre- 
tipitated from the acetic acid solution by aqueous sodium acetate 
solution, as it could not be crystallised. It dyes dull red shades: 

01000 gave 7°0 c.c. Ny at 33° and 762 mm. N=7°83. 

Co3H.O0,N, requires N=7°77 per cent. 


3-Dimethylamino-9-o-p-dihydroxy phenyl-6-dimethylfluorime. 


Two grams of 2:4-dihydroxybenzaldehyde and 4 grams of 
‘dimethylaminophenol were dissolved in 50 per cent. aqueous 
alcohol, and 8 grams of sulphuric acid (D 1°84) were then gradu- 
ally added. The mixture was heated under a reflux condenser for 
‘wenty-four hours and filtered. The filtrate was boiled with water 
'o expel alcohol, and then sodium acetate was added to precipitate 
the dyestuff. It was partly purified by dissolving in sulphuric 
acid and precipitating with sodium acetate, and finally obtained 
in @ pure state by debenzoylating the crystalline benzoyl deriv- 
ative by boiling its alcoholic solution with sulphuric acid. The 


m 


+ 


828 EFFECT OF ADDITIONAL AUXOCHROMES ON COLOUR OF Dysgs, 


dyestuff could not be crystallised. It dyes chrome-mordanted wool 
to a red shade which is not brilliant: 

0°1055 gave 7°6 c.c. N, at 33° and 760 mm. N=803. 

C.;H..0,N, requires N=7°6 per cent. 

The leuco-compound can be obtained by reducing the dyestuf 
with zinc dust and acetic acid, but is oxidised again to the dye. 
stuff on coming into contact with air. The monobenzoyl deriy- 
ative of the dyestuff was prepared by the Schotten-Baumann reac. 
tion in the ordinary way. It is soluble in all the common solvents, 
By the spontaneous evaporation of a cold chloroform solution it 
crystallises in prismatic needles melting at 125°: 

0°1665 gave 8-0 c.c. N, at 33° and 763°2 mm. N=5-42. 

Cy pH.;0,N, requires N=5'8 per cent. 


2:3:7-Trihydroxy-9-0-p-dihydrozy phenyl-6-fluorone. 


9 


One gram of 2:4-dihydroxybenzaldehyde and 2 grams of , 
hydroxyquinol were dissolved in 10 c.c. of 50 per cent. alcohol; . 
1°5 c.c. of sulphuric acid (D 1°84) were then added, and the mix 
ture was heated on the water-bath for fifteen minutes, when the 
fluorone sulphate was precipitated. It was collected and washed 
with 50 per cent. alcohol: By 

0°5475 gave 0°1800 BaSO,. H,SO,=12°5. It 

(C\9H,,0;),H,SO, requires H,SO,=12°15 per cent. abs 

The dyestuff was obtained by boiling the sulphate with water ng 
for one and a-half hours. It could not be crystallised. It dis that 
solves in potassium hydroxide solution with a _reddish-viol oon) 
colour, and dyes chrome-mordanted wool in fine, reddish-viole pom 
shades. Acetylation resulted in the production of a mixture of re 
derivatives which could not be separated by fractional crystal , 11. 
lisation : — 

0-1200 gave 0-2805 CO, and 0:0405 H,O. C=63-75; H=375 J. 

C,9H,,0O, requires C=64°4; H=3°95 per cent. pa 
1:3:8-Trihydrozy-9-0-p-dihydrocy phenyl-6-fluorone. ae 

One gram of 2:4-dihydroxybenzaldehyde and 2 grams of phlow both a 
glucinol were dissolved in 10 c.c. of 50 per cent. alcohol, atl MM @lread) 
15 c.c. of sulphuric acid (D 1°84) were then added. After shakin HM} "0 gen 
for two minutes, orange-coloured needles of the fluorone sulphat HM Nucleus 

acetyley 


began to form. They were collected and washed with 50 per cet! 


alcohol : 
0°5000 gave 0°1515 BaSO,. H,SO,=12°4. 
(C,9H,,0;).H,SO, requires H,SO,=12°15 per cent. 
The dyestuff was obtained by boiling the sulphate for one ™ 


~~ 
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ahalf hours with water. It could not be crystallised. It dis- 
solves with an orange colour in potassium hydroxide solution and 
dyes chrome-mordanted wool in orange shades: . 
0°1000 gave 0°2350 CO, and 0°0330 H,O. C=64:09; H=3°66. 
C,,H,,O; requires C=644; H=3°'95 per cent. 


The experimental work described in this paper has been done 
entirely by P. C. Ghosh. 
Dacca CoLLEGE LABORATORY, 


Dacca, Benaat, InpIA. 
[Received, July 6th, 1917.] 


LXX.—The Absorption Spectra of Substances con- 
taining Conjugated and Unconjugated Systems 
of Triple Bonds. 


By ALEXANDER KiLLEN MacsetuH and ALFRED WALTER STEWART. 


Ir has long been known that saturated substances possess an 
absorptive power much lower than that shown by the correspond- 
ing ethylenic derivatives; and further investigations have proved 
that of two isomeric diethylene derivatives, that which contains a 
conjugated system of double linkings has a greater absorptive 
power than the isomeride in which the ethylenic bonds are isolated 
from each other (Crymble, Stewart, Wright, and Glendinning, T., 
1911, 99, 451; Crymble, Stewart, Wright, and Miss Rea, ibid., 
1262). The present investigation was undertaken with the idea 
of testing whether or not a similar rule could be established in the 
case of acetylenic derivatives, but the results show that no such 
generalisation can be looked for in this series. The data, however, 
are of some interest from other points of view. 

It was decided to examine acetylenic compounds belonging to 
both aliphatic and aromatic series. Some of the latter class had 
already been investigated by Stobbe (Ber., 1911, 44, 1289), but 
no general rule could be deduced from his results, as the phenyl 
nucleus might be expected to interfere with the influence of the 
acetylenic linking to some extent. 

It will probably render the data clearer if the discussion of each 
group of compounds be taken separately, final conclusions being 
teserved until the whole facts have been reviewed. 

Series I. Behenolic Acid and Erucie Acid (Fig. 1, A).—Here 
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the ethylenic derivative is much more absorbent than the acetylenic 
analogue. In this case, the effect of the double and triple link. 
ings may be taken as being unaffected by the presence of the 
carboxyl radicle, from which they are separated by eleven 
methylene groups. 

Series II. Stearolic Acid, Elaidie Acid, and Stearic Acid 
(Fig. 1, B).—In this case, the acetylenic derivative is the most 
strongly absorbent, the ethylenic next, and the saturated sub- 
stance least of all. The only factor that might account for this 
marked absorptive power of the acetylenic substance is to be found 
in the fact that the carbonyl radicle of the carboxyl group is 


Fie. 1. 
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acid. 


A. 


situated at the ninth carbon atom from both the triple and double 
linkings, which would imply, under the usual assumptions as ' 
the arrangements of carbon chains in space, that the unsaturated 
centres were spatially conjugated with two turns of the spitil 
between them. It is sufficient to indicate this and leave the 
matter without further elaboration. 

Series III. Acetylenedicarborylic Acid, Fumarie Acid, Malet 
Acid, and Succinic Acid (Fig. 1, C).—As can be seen from the 
graph, the two ethylenic isomerides are more absorptive than the 
acetylenic compound—fumaric acid being markedly so—and 
succinic acid is least absorptive of all. 
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Series IV.  Ditodoacetylene, Di-iodoethylene, and Ethylene 
Iodide (Fig. 2).—This case presents a fresh problem. The 
saturated compound, ethylene iodide, possesses a distinct absorp- 
tion band having its head at a frequency of 3900, and this band 
is directly attributable to the presence of the two iodine atoms 


Fig. 2. 
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m the molecule. Now the introduction of fresh unsaturated 
centres in the molecule might have either of two effects, since there 
may be an enhancement of the band due to stimulation of the 
Process which produces it, or, conversely, a cancellation of affinity 
leading to a decrease in absorptive power. An inspection of the 
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curves shows that the second process is in operation to some extent, 
for the acetylenic compound is much less absorptive than the 
saturated substance. The absorption of di-iodoacetylene is limited 
to a frequency of 4200 at a logarithmic thickness of 36, whereas 
the corresponding ethylenic compound continues to absorb to the 
same extent in a logarithmic thickness of 32. Further, the 
absorptive power of the acetylenic compound is, except for a por- 
tion in the visible region of the curve, actually less than that of 
the aliphatic analogue, from which it must be deduced that the 
introduction of the triple bond into the molecule has considerably 
influenced the absorptive power of the iodine atoms. On the 
other hand, by the same reasoning, the ethylenic linking has an 
effect opposite to that of the triple bond, whether this be attribu-. 
table to a stimulation of the iodine vibration by the affinity of 
the residual affinity of the carbon atoms or merely to the increase 
in absorptive power usually noted when passing from the paraffin 
to the olefine derivatives. 

Series V. Dimethyldiacetylene, Hexatriene,* Benzene + (Fig. 3). 
—This case is one of the most interesting of all those which have 
yet been examined. A comparison of the structural formule of 


the three compounds must first be made: 


C,H, Dimethyldiacetylene CH,—C=CU—C==C—CH, 


Po alee nn ; 
C,H, Hexatriene CH,==CH—CH=CH—CH=CH, 


C,H, Benzene CH=CH—CH=CH—CH 


It will be noticed that dimethyldiacetylene and benzene ar 
isomeric, whilst hexatriene contains an extra pair of hydrogen 
atoms, and from this it might be expected that the first two sub 
stances would show greater absorptive power than hexatriene. An 
examination of the curves in Fig. 3 shows that this deduction is 
unwarranted ; contrary to the usual rule, the more saturated sub 
stance is the most strongly absorbent, except just at the very top 
of the curve. 

In order to explain this apparent anomaly, it is necessary to beat 
in mind what has already been said with respect to the influence 
of conjugation. Take, first, the case of benzene and hexatrient 
In the benzene nucleus there are three double linkings, but thes 


* This curve is taken from Baly and Tuck, T., 1908, 93, 1909. 
t This curve is taken from Baly and Collie, ibid., 1905, 87, 1332, the banded 
region being indicated by shading. 
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three linkings saturate each other and form a completely linked 
system with no free partial valencies. In the case of hexatriene, 
on the other hand, although in its molecule there are also three 
conjugated double linkings, these double linkings do not com- 
pletely saturate each other, for there is a considerable amount of 


Fig. 3. 
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residual affinity left untouched at each end of the chain. From 
this it may be deduced that the presence of free affinity (or partial 
valencies) tends to increase absorptive power, which is borne out 
by the well-known fact that the introduction of any unsaturated 
centre into a molecule enhances the power of absorption. 


834 MACBETH AND STEWART: 


A further step in advance is found when the case of dimethyl. 
diacetylene is considered in conjunction with the foregoing. 
Dimethyldiacetylene contains two conjugated double linkings, and 
it is reasonable to assume that to some extent these will behave 
like two conjugated double bonds, saturating each other to a 
certain degree, but leaving a considerable amount of residual 
affinity at either end of the chain. In the case of the acetylene 
derivative, however, there is not the same long chain of conjuga- 
tion which is present in the case of the hexatriene molecule. The 
whole residual affinity of the acetylenic compound is concentrated 
in two centres in close proximity to one another. Thus in 
hexatriene we find two active centres far removed from each other; 
dimethyldiacetylene contains two centres of residual affinity 
sufficiently near one another to interfere with each other, and 
hence reduce the amount of free affinity present, whilst benzene 
contains no independent centres of partial valency under normal 
conditions. Further, the absorptive powers of the three com- 
pounds stand in this order also. 

It may reasonably be suggested that absorptive power is greatest 
when a molecule contains more than one centre of residual affinity 
and when such centres are so situated as to be incapable of mutual 
interference. Under such an assumption, it would be expected 
that of two stereoisomerides, for example, the fumaroid form would 
exhibit most absorptive power, a conclusion which is borne out by 
facts. For instance, an examination of Fig. 1, (’, shows that 
maleic acid is much less absorptive than fumaric acid. An ex- 
amination of their spatial formule indicates that in the case of 
fumaric acid the two accumulations of residual affinity at the ends 
of the chain are sufficiently far removed from one another to pre 
clude mutual interference, whereas in the case of maleic acid they 
are near together. 


OH OH 
—~ — 
.-O=C—C—H H—-C—C—0. 
: Nl | 
H--0—C—0..... H-—OC—C—0- 
OH OH 
Fumarie acid. Maleie acid. 


Further support of this view will be found in the facts described 
in Series IX. 

Series VI. Phenylacetylene, Styrene (Phenylethylene), and 
Ethylbenzene (Fig. 4).—In this case the ethylenic derivative 
exhibits the greatest power of absorption ; the acetylenic compouni 
stands next in order, and the ethane derivative has least absorptivé 
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wer. These data hold good whether the absorptive power be 
judged by the wave-length absorbed by a given thickness of solu- 
tion or by the dilution to which absorption persists. As regards 
the manner of absorption, in the case of ethylbenzene the region 
of banded absorption in benzene itself is occupied by a broader 
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single band, and it appears that the introduction of the ethy! 
radicle into the benzene nucleus has no marked effect on the 
character of the absorptive power. There is no increase in the 
persistence of the band. With styrene (phenylethylene) and 
phenylacetylene, on the other hand, there is an increase in general 
absorptive power as compared with benzene itself, which increase 
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can be attributed only to the effect of introducing the new un- 
saturated centre into the molecule. 

Series VII. Tolane, Stilbene, and sDiphenylethane (Fig. b)— 
The introduction of a second phenyl nucleus into the molecules 
mentioned in the last section leads to somewhat peculiar results. 


Fia. 5. 


Oscillation frequencies. 


10 mm. N/10 


10 mm. N/109 


i) 


wo 
i) 


10 mm. N/1000 


bo te 
a> @ 


rw bt 
no 


410 mm. N/10,000 


ix) 


Tolane. 
Stilbene. 
s-Diphenylethane. 


In the case of s-diphenylethane, the graph shows that bandet 
absorption still persists, but that it is completely modified 1 
character. In the first place, the absorptive power is increased, * 
the band appears at 4 greater dilution in the s-diphenylethan* 
spectrum than was found to be the case in phenylethylen 
Further, instead of a single narrow band, s-diphenylethane shor 
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a band extending roughly from 3100 to 4100, although it ‘s much 
shallower than the band of ethylbenzene and shows a tendency to 
split up into two smaller bands. One of these narrow bands 
extends from 3600 to 4100, and thus corresponds roughly with the 
characteristic band of ethylbenzene; the other band has its head 
at 3400, and does not occur at all in the spectrum of ethylbenzene. 
Its appearance must therefore be attributed to the introduction of 
the second phenyl radicle into the molecule. 

Turning to the ethylene derivative, stilbene, it will be observed 
that it possesses an absorptive power markedly greater than that 
exhibited by the ethane analogue. Further, there is no sign what- 
ever of the band characteristic of ethylbenzene; in fact, at this 
point of the spectrum there is especially good transmission. On 
the other hand, the band at 3400 traceable in the spectrum of 
sdiphenylethane is here broadened and deepened to a very remark- 
able extent. It seems probable that the two bands arise from a 
common cause, but that in the case of stilbene the absorptive 
power is reinforced by the presence of the long chain of conju- 
gated linkings, seven in number, which exists in the molecule of 
the ethylenic compound. 

In their banded absorption, the ethylenic and acetylenic 
analogues are approximately similar, but it will be seen from the 
graph that the band in stilbene extends over a much greater range 
of dilution than that exhibited by tolane. This fact reinforces 
the idea that the band of stilbene is in some way influenced by 
the conjugated chain, for in the case of tolane the conjugation is 
imperfect as compared with that of stilbene. In stilbene, the con- 
jugated chain is made up completely of double and single bonds, 
whereas in tolane it contains single bonds alternating with double 
and triple linkings. Thus, instead of having the whole of the 
free affinity of the molecule concentrated at two points far removed 
from each other, as in stilbene, the tolane molecule has two main 
concentrations plus some excesses of affinity at the ends of the 
triple bonds. 


CH-CH=CH CH—CH—CH 
| 

(H-CH=C—CH=CH—C==CH—CH 
— _—— ene “ee 


Stilbene. 


CH—CH—CH CH—CH—CH 
| | | | 
CH—CH—C—CH=C—C—CH—CH 


Tolane. 
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In this way, the contentions put forward in connexion with Series 
V. receive further support. 

Series VIII. Phenylpromolic Acid, Cinnamie Acid, and 
B-Phenylpropionic Acid (Fig. 6).—In this series, the saturated 
member of the group shows very much less absorptive power than 
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either of the other two. Traces of a modified benzenoid vibration 
are to be found in the one broad and two narrow bands which 
extend from 3700 to 4200; the dilution at which these bands occit 
is approximately the same as that at which the benzene bands 
make their appearance. 
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Cinnamic acid and phenylpropiolic acid show a somewhat 
similar power of absorption through a certain range of the graph, 
although cinnamic acid absorbs slightly longer wave-lengths, whilst 
phenylpropiolic acid shows an absorptive power at a dilution much 
higher than that at which cinnamic acid ceases to absorb markedly. 
Further, cinnamic acid shows a well-defined band of considerable 


Fig. 7. 
Oscillation frequencies. 


So 
So 


14000 


re) 
oo 
| 


[was 


| 


10 mm. N/100 


10 mm. N/1000 


10 mm. N/10,000 


= 
° 
aes 
>= 
3 
° 
H 
i) 
Oo 
S 
2 
f=) 
So 
-_ 
— 
Z 
= 
° 
% 
© 
% 
% 
% 
= 
~ 
© 
- 
= 
~ 
=> 
i) 
» 
= 
= 
<= 
Ds 
& 
inj 
dS 
8 
x 


| 
Ethyl phenylpropiolate. 
Cinnamylideneacetic acid. 


MS 
—+—t— 


persistence in the region 3300—4200, whereas phenylpropiolic acid 
exhibits a “step-out” at a higher dilution. Testing the absorp- 
‘ve power by the length of the light-waves absorbed, the order is: 
ethylenic, acetylenic, and saturated, but as regards the power of 
absorbing at greatest dilution, they stand in the order of satura- 
ton, the acetylenic derivative having most absorptive capacity. 
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Series IX. Ethyl Phenylpropiolate and Cinnamylideneacetie 
Acid (Fig. 7).—This case furnishes another example of the pheno- 
menon which was discussed in Series V. The two compounds, ester 
and acid, are isomerides, so that, as far as additive factors go, they 
should exhibit the same absorptive power. An examination of 
their structural formule shows that in the one case there is a long 
chain of conjugated double bonds in the molecule, so that the 
residual affinity is concentrated at two distant points, whereas in 
the other case the affinity centres are nearer together and are 
more likely to disturb one another: 


CH—CH—CH OH 
| |_— —~ _—™~ 
CH—CH=—C—CH=CH—CH=CH 


Cinnamylideneacetic acid. 


CH—CH—CH 
| 


ical 


| a oe 
CH—CH—C—C=C—C=0 
Ethyl] phenylpropiolate. 


From what has already been said on this matter, it may be 
deduced that cinnamylideneacetic acid will show the greatest 
absorption, whilst the absorptive power of ethyl phenylpropiolate 
will be considerably less. An examination of the graphs shows 
that this prophecy is justified. The absorptive power of the ester 
is less than that of its isomeride, both from the point of view of 
the wave-length absorbed by a fixed concentration and also from 
the point of view of the dilution at which the substance continues 
to show absorption. 

Thus, although the examination of acetylenic derivatives has 
not brought to light any close parallel between them and the 
ethylenic analogues so far as light-absorbing power is concerned, 
it has elicited new facts with regard to the influence exerted by 
the distribution of residual affinity in the molecule on the absorp 
tive power of the substance. At the present time our knowledge 
of the subject in its broadest outlines may be summarised #& 
follows: The introduction of a centre of residual affinity into @ 
saturated molecule increases that molecule’s power of absorbing 
light. The introduction of a second centre of residual affinity into 
the molecule normally increases the absorptive power, although 
some cases (such as the iodine compounds) it may act in @ col 
verse manner. If the two centres of residual affinity are placed 
so far apart in the molecule, either spatially or structurally, that 
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they fail to exert any mutual influence on one another, then the 
absorptive power of the molecule is greater than is found to be 
the case when the same amount of residual affinity is concentrated 
in two adjacent points of the molecule. 
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LXXI.—The Uniform Movement of Flame in Mixtures 
of Acetylene and Air. 


By Witt1amM ArTHUR Hawarp and SosaLe GaraLaPury SAsTRy. 


In continuation of the revision of previous work on the propaga- 
tion of flame that is being carried out at the Home Office Experi- 
mental Station under the direction of Dr. R. V. Wheeler, we have 
determined the speeds of the “ uniform movement ’”’ in mixtures of 
acetylene and air. 

It may be recalled that the ‘uniform movement” occurs when 
an inflammable mixture of gases is ignited at the open end of a 
horizontal tube closed at the other end, and is usually regarded 
as the normal speed of propagation of flame from layer to layer 
of the mixture by conduction of heat (Mallard and Le Chatelier, 
Ann, des Mines, 1883, [viii], 4, 374). 

Previous determinations of the speed of the uniform movement 
in mixtures of acetylene and air have been made by Le Chatelier 
(Compt. rend., 1895, 191, 1144), who used a glass tube 4 em. in 
diameter. The speeds recorded were: 


Speed of uniform 
Acetylene in mixture. movement. 
Per cent. Cm. per second. 

2 10 

8-0 500 

9-0 and 10-0 600 
22-0 40 

64-0 5 


In a later publication, namely, “Le Carbone” (Paris, 1908), Le 
Chatelier gives intermediate values: 


Acetylene in Speed of uniform 
mixture. movement. 
Per cent. Cm. per second. 
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but it is not clear whether these are actual determinations oy 
numbers interpolated on a curve constructed from the six results 
recorded in the Comptes rendus. 

Le Chatelier thus describes the curve he obtained (loc. cit, 
p. 280): 

“La courbe ... présente une forme toute spéciale; elle ge 
compose de trois droites: une droite montante et une descendante 
se coupant pour la vitesse maxima vers 10 p. 100 d’acétyléne, puis 
ensuite une droite tres peu inclinée coupant la second & la teneur 
de 20 p. 100 et se prolongeant jusqu’d la limite d’inflammabilité 
supérieure. Ce troisitme segment de la courbe correspond & la 
combustion avec flamme fuligineuse et dépdt de charbon. Au- 
dessous de 20 p. 100 il ne se forme par la combustion que des 
produits gazeux, acide carbonique, oxyde de carbone eét 
hydrogéne.” 

Our own experiments were made in a glass tube 12 mm. in 
diameter, and are not therefore directly comparable with Le 
Chatelier’s so far as the absolute measurements of speeds are con- 
cerned. It is permissible, however, to compare the shapes and 
characters of the two curves. We can confirm the statement that 
mixtures containing more than about 20 per cent. of acetylene 
deposit soot owing to decomposition of excess of acetylene, and 
that the speed of propagation of flame in such mixtures is slow; 
but we cannot agree that the curve can be represented by straight 
lines. As with mixtures of other inflammable gases and air, there 
is a gradual flattening of the curve towards the limits, and the 
maximum speed is obtained over a range of mixtures containing 
between 8 and 10 per cent. of acetylene, so that the crest of the 
curve also is flattened. 

Our results are shown graphically in the diagram. The speed 
of the flame in mixtures containing more than 20 per cent. of 
acetylene decreases gradually as the percentage of acetylene is 
increased. The mixture of acetylene and air for complete com- 
bustion contains 7°75 per cent. of acetylene; the fact that the 


betwe 
the 0 


fastest speed of flame is found in mixtures containing rather more In 
than this can be explained on the assumption that the thermal which 
conductivity of acetylene is higher than that of air (compare in tul 
Haward and Otagawa, T., 1916, 109, 83). co 

n 


Ex PERIMENTAL. 


The method of experiment and the electrical means of measuring 
the speeds of the flames were the same as employed by Wheelet 
(T., 1914, 105, 2606). 

The acetylene was obtained compressed in cylinders, without 
acetone as solvent, and was of a high degree of purity (98 to cy 
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per cent. C,H,). The mixtures were made over brine in metal 
gasholders of 70 litres capacity, and were analysed before use; 
the explosion tube was filled with the required mixture by dis- 
placement of air, six times the volume of the tube being used. 
The initial temperature of the mixtures was that of the room 
(15° to 20°), and they were saturated with water-vapour at that 
temperature. 

Ignition was by means of a lighted taper, which was drawn 
rapidly past the open end of the tube. The speeds were measured 


300 


\ 


/ 


2 4 6 8 10 12 14 16 18 20 
Acetylene, per cent. 


Speed of uniform movement of flame, em. per second. 


between two points 40 em. apart, the first point being 10 cm. from 
the open end of the tube. 

In addition to the experiments recorded in the diagram, for 
which a tube 12 mm. in internal diameter was used, the speeds 
in tubes of 9 mm. and 25 mm. diameter were also determined. 
The speeds in the 9 mm. tube were rather slower than those 
obtained in the 12 mm. tube, but the shape of the curve was the 
‘ame. With the larger tube, 25 mm., the duration of the uniform 
movement was too short to admit of accurate measurement by the 
means employed. 

IupeetaL CoLLEGE oF SCIENCE AND TECHNOLOGY, 

Sourn Kensinaton, S.W. (Received, August 9th, 1917., 
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LXXII.—Methylation by Means of Formaldehyde. 
Part I. The Mechanism of the Interaction of 
Formaldehyde and Ammonium Chloride; The 
Preparation of Methylamine and of Dimethyl- 


amine. 
By Emit ALPHONSE WERNER. 


THe preparation of methylamine from formaldehyde and 
ammonium chloride is perhaps not so well known as it certainly 
deserves to be. Having occasion to make use of this reaction from 
time to time during the last few years, the author has studied this 
interesting and important change, the mechanism of which, it must 
be admitted, has up to the present remained decidedly obscure. 

Several new facts have been brought to light which have greatly 
helped to disclose what is now believed to be the true mechanism 
of the progressive changes involved in this rather complex reaction. 

The interaction of formaldehyde and ammonium chloride was 
first examined by Pléchl (Ber., 1888, 21, 2117), who, from a rather 
superficial study of the change, observed the formation of tr- 
methylamine and the evolution of carbon dioxide. No attempt 
was made to give an explanation of the reaction whereby the amine 
was produced. 

Some years later Brochet and Cambier (Compt. rend., 189, 
120, 449, 557; Bull. Soc. chim., 1895, [iii], 18, 392) reinvestigated 
this reaction, and showed what were the best conditions for the 
economic preparation of methylamine hydrochloride by its means. 

The explanation which they have given, of what they considered 
to be the main reaction, is far from satisfactory, and they have 
been decidedly at fault in their observations concerning certain 
experimental facts connected with the reaction. 

As a result of their investigations, they have drawn the cor 
clusion that whilst methylamine is almost the sole product when 
ammonium chloride is used in excess, trimethylamine is the mail 
product when formaldehyde is in excess. 

The latter conclusion has not been confirmed. 

These investigators have evidently mistaken impure dimethyl 
amine hydrochloride for the salt of the tertiary base, only a small 
quantity of which has been detected when formaldehyde was used 
in excess, and even then only when a relatively high temperature 
was attained. 

As regards their explanation of the reaction, Brochet and 
Cambier have drawn the conclusion that “formaldehyde condens 
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with ammonium chloride in a very complex manner ”’; it has been 
assumed that trimethylenetriamine hydrochloride, (CH,:NH,HC)),, 
is at once formed, as a result, probably, of the polymerisation of 
methyleneimine, CH,:NH, produced in the first instance; the 
polymeride then condenses further with formaldehyde, whether the 
latter is present in excess or not, to give methylamine hydro- 
chloride, according to the equation 

2(CH.:NH,HC!l); + 3CH,O + 3H,O = 6CH,°NH,,HCl + 3C0,. 
When the aldehyde is present in large excess, they state, “on 
arrive finalement au chlorhydrate du trimethylamine par une serie 
de réactions identiques,” that is, the compound, 

(CH,:N-CH;,HCl),, 

is formed, which in its turn condenses with formaldehyde to form 
carbon dioxide, methylamine, and trimethylamine. 

It must be admitted that the above equation still leaves the ques- 
tion of the origin of methylamine rather obscure, let alone the 
case of trimethylamine. 

More recently, Knudsen (Ber., 1914, 47, 2694) has re-examined 
this reaction, and whilst he has forestalled the author in showing 
that dimethylamine was produced, he has not added any useful 
information towards the elucidation of the mechanism by which 
the amines take origin. Thus it has been assumed that dimethyl- 
amine and trimethylamine are produced from the decomposition 
of a complex, not to say doubtful, dimethylpentamethylene- 
tetramine formed in the first instance as a result of the union of 
methylamine with excess of formaldehyde. 

In both cases, then, obscure condensation reactions have been 
regarded as explaining the formation of all three amines. This, 
it will be shown, is quite unnecessary in order to explain the 
different changes, and, moreover, such a view is in contradiction 
to the observed facts. 


Mechanism of the Formation of Methylamine and of 
Dimethylamine. 


When a solution of ammonium chloride and formaldehyde (com- 
mercial formalin), in the proportions recommended by Brochet 
and Cambier, was gradually heated, a volatile liquid began to 
distil at 50°; after heating at 104° until distillation had prac- 
tically ceased, the amount of distillate obtained was equal to 
22 per cent. of the weight of the formaldehyde solution taken. 
This distillate has been considered by Brochet and Cambier to 
‘onsist of methylal and water only; thus they state that the pro- 
duet may contain from 60—79 per cent. of the former. 

Whilst methylal formed a considerable portion of the distillate, 
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the chief constituent was methyl formate, an important fact which 
Brochet and Cambier have completely overlooked. The composi- 
tion of the distillate was fairly constant, whether ammonium 
chloride or formaldehyde was present in an excess at the outset. 

When methylamine hydrochloride and formaldehyde were 
heated in solution, 90° was reached before distillation was 
observed ; the distillate contained methylal and methyl formate 
in nearly equal proportions; on the other hand, from dimethyl. 
ammonium chloride and formaldehyde, after heating under similar 
conditions, a distillate was obtained which contained practically 
no methyl formate. 

The following results represent the average composition of the 
distillates in the three respective cases: 


(1.) (II.) (IIL.) 
NH,MeCl+ NH,Me,Ci+ 
Percentage composition NH,Cl+CH,0O. CH,0O. CH,0. 
of distillate. t=104°. t= 104°. t=110°. 


Methyl formate I; . 0-13 
Methylal =34- 3: 8-70 


Free formic acid . : 2-80 
88-37 


CO, freely a trace of 
evolved. evolved. CO, evolved. 


Whilst the formation of methylal is a normal result of a reaction 
between formaldehyde and methyl alcohol (present in commercial 
formalin) promoted by hydrochloric acid set free during the 
process, the production of methyl formate (and carbon dioxide) 
in considerable quantity furnishes an important clue to the 
mechanism of the reaction. The oxidation of formaldehyde to 
formic acid, and of the latter to carbon dioxide, must, in the 
present circumstances, be provoked by the presence of another 
substance having an equal tendency to undergo reduction. 
Through the decomposition of water the desired result is attained, 
a simultaneous oxidation and reduction is brought about, and as 
a result of the latter, methylamine and dimethylamine are pro 
duced in accordance with the following scheme. 

The first phase of the change gives rise to methyleneimine, 
thus : 


(1) H-COH + NH,(HCl)* —> H-CH<OH = 
CH,:NH(HC!) +4, 


It is the great tendency of formaldehyde to react with ammonia 
that no doubt determines a rapid dissociation of the haloid salt; 


* When ammonium chloride and formaldehyde are mixed in solution, 
the liquid quickly becomes strongly acid from liberation of hydrogen 
chloride ; the brackets are used here to indicate the dissociated salt. 
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the feeble base CH,.NH remains largely dissociated, since titra- 
tion, using phenolphthalein as indicator, shows all the hydro- 
chloric acid to be in the free state. Its presence, however, prevents 
polymerisation of the base, and equilibrium (that is, neutralisa- 
tion) is rapidly established by reduction and oxidation, thus: 


(2) CH,:NH(HCl) + H,0 + H-COH =CH,-NH,,HCl + H-CO,H, 


and whilst part of the formic acid is neutralised by esterification, 
the larger portion is oxidised to carbon dioxide and water. 

As the temperature rises, the main reaction (2) is soon accom- 
panied by a change similar to (1), in which methylammonium 
chloride takes part, whereby dimethylammonium chloride is 
ultimately formed, thus: 

(3) CH,O + NH,*CH;(HCl) = CH,:N-CH,(HC1l) + H,0. 


(4) CH,:N-CH,(HCl) + H, 0+ H-COH = (CH,),NH,HC! + H-CO,H. 


The next and final phase in the change is the result of a reaction 

between formaldehyde and dimethylammonium chloride, thus: 

. 9 se N(CH,),,HCl 

(5) CH,O + 2NH(CH,),(HCl) = CHy<y (cH) "HCI +H,0. 
and since a stable saturated base is produced it will show no tend- 
ency to suffer reduction, and consequently there will be no oxida- 
tion of formaldehyde during this phase, as shown by the results 
obtained under III. 

In accordance with this scheme, therefore, trimethylamine cannot 
be directly formed during the progress of the changes which give 
rise to the primary and secondary bases, and this explains why it 
has not been detected in the reaction product when the temperature 
was not allowed to rise above, say, 110°. 

If, on the other hand, the temperature be carried too high, as 
was the case in Knudsen’s experiments (Joc. cit.). or the heating be 
unduly prolonged, a condition which can scarcely be avoided in 
dealing with the final mother liquors, after the separation of the 
bulk of the chlorides of methylammonium and of dimethylammon- 
ium, then some trimethylamine is undoubtedly produced. The 
evidence goes to show that the tertiary base, very probably, arises 
from the decomposition of the above methylene base, thus: 

(6) CH <N {oH 22HCl = N(CH,),, HCl + CH,:N-CH,(HC)). 
The unsaturated base, in the absence of excess of formaldehyde, is 
polymerised to the compound (CH,:N-CHs)s,* the presence of which 

* This base has been prepared by Henry (Bull. Acad. roy. Belg,, 1893, 


[ili], 26, 200), and later by Brochet and Cambier (loc. cit.), who determined its 
molecular weight. 
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can be shown by the formation of a copious precipitate on addition 
of picric acid. The picrate (m. p. 127°, Duden and Scharff, Ber, 
1895, 28, 936) cannot be crystallised from water on account of the 
ease with which it dissociates. 

Since the changes represented by equations (2) and (4) overlap 
during the progress of the reaction, the production of dimethy!- 
ammonium chloride in moderate quantity cannot be avoided. Its 
separation from a considerable amount of methylammonium chloride 
is, however, a very simple matter, as described later on. 

By adopting such conditions as were indicated by the above 
scheme, a very large yield of dimethylammonium chloride has been 
obtained with the use of much less formaldehyde than was found 
necessary by Knudsen (/oc. cit.). The absence of condensation pro- 
ducts in the early stages of the reaction, that is, both before and 
after large quantities of methylammonium and dimethylammonium 
chlorides have been produced, has been proved by the fact that no 
precipitation was produced on the addition of picric acid. This 
reagent forms sparingly soluble compounds with all the condensa- 
tion products, or polymerides which have hitherto been supposed 
to play a part in the formation of the primary and secondary bases 
produced in this interesting and important reaction. 

Preliminary experiments have proved the wide scope of thie use 
of formaldehyde for methylating amino-compounds of various types, 
on the lines of the scheme just recorded. These, it is to be hoped, 
will be described in the near future. 


EXPERIMENTAL. 
The Preparation of Methylammonium Chloride. 


The proportions of ammonium chloride and formaldehyde (40 per 
cent. formalin) * recommended by Brochet and Cambier (loc. cit.), 
namely, one part by weight of the former, and two parts by weight 
of the latter, were found after several trials to give the best results. 
Since about 35 per cent. of ammonium chloride has always been 
recovered unchanged, the molecular ratios NH,Cl:2CH,O required 
by theory are very closely represented by the above proportions. 

Expt. I—Two hundred and fifty grams of ammonium chloride 
and 500 grams of formaldehyde solution were gradually heated it 
a distillation flask, which carried a thermometer with the bulb well 
below the surface of the liquid. The temperature was slowly raised 
to 104°, and was not allowed to rise above this point, at which it 


* Analyses of seven different samples of commercial formalin gav 
as a mean result 35 per cent. of formaldehyde, and in no case was & sample 
found to contain 40 per cent. The highest value was 37-4 per cent., the 
lowest 33:2 per cent. 
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was maintained until no more volatile liquid distilled ; this required 
about four and a-half hours. The distillate weighed 110 grams. 
The product was allowed to cool, and after filtration from 62 grams 
of ammonium chloride which had separated, was concentrated by 
evaporation at 100° to about one-half of the original volume. After 
removal of 19 grams of ammonium chloride,* the liquid was again 
concentrated by evaporation until a crystalline scum had formed 
on the surface of the hot solution. 

After cooling, 96 grams of methylammonium chloride (Found, 
(1=52°46. Cale., Cl=52°59 per cent.) were separated ; after further 
concentration a second crop (18 grams, Cl=52°39 per cent.) was 
obtained. The filtrate was now concentrated as far as possible at 
100° and was left for twenty-four hours in a vacuum over sodium 
hydroxide, after which the semi-solid residue was digested with 
chloroform, when 20 grams of methylammonium chloride (Cl=52°63 
per cent.) which had been washed with chloroform to remove 
dimethylammonium chloride, were obtained. The total yield was 
128 grams. 

From the chloroform solution, after removal of much of the 
vlvent by distillation, 27°5 grams of dimethylammonium chloride 
were obtained (Found, Cl=44°38. Cale., Cl=43°5 per cent.). 

A viscous residue (76 grams) which did not crystallise after 
remaining for a week in a vacuum over sulphuric acid, was finally 
obtained ; it contained Cl=40°37 per cent. It was distilled, after 
the addition of an excess of a 40 per cent. solution of sodium hydr- 
oxide, and the alkaline vapours evolved were absorbed in an alco- 
loli solution of hydrochloric acid, when a small quantity of methyl- 
ammonium chloride and a relatively large quantity of dimethyl- 
ammonium chloride were obtained, but no trimethylammonium 
thloride could be detected. Formaldehyde was also regenerated by 
the action of sodium hydroxide on the viscous material, which no 
doubt contained much tetramethylmethylenediamine hydrochloride, 
CH(NMe,),,2HCl, which requires Cl = 40°57 per cent. 

Evamination of Volatile Liquid Distillate—This had D™ 0-927. 
Five ec. after digestion with 50 c.c. of V-sodium hydroxide required 
115 ec. of V-sulphuric acid for neutralisation. 

Five c.c., after removal of methyl formate and methylal by heat 
at 70°, left an acid liquid which required 1°65 c.c. of N-sodium 
ydroxide for neutralisation. Hence H-CO,Me = 39°09; CH,O,= 
62 per cent. The proportion of methylal was determined by differ- 
‘ue after removal of water by anhydrous calcium chloride. The 


. . . . . . . 
Ammonium chloride is very sparingly soluble in a concentrated solution 
“ methylammonium chloride, and consequently its separation from the 
latter salt is very sharp. 


L L* 


850 WERNER: METHYLATION BY MEANS OF 


separation of methyl formate from methylal by fractional distill. 
tion was found to be an extremely tedious process, and was aban. 
doned as useless from an economic point of view. The value of the 
distillate is of importance, since all the formic acid can be easily 
recovered as sodium formate, after shaking with a solution of sodium 
hydroxide in the cold, and thus separated from methylal. 

The following results illustrate the value of the whole process 
from an economic point of view. From an experiment with 4000 
grams of formalin and 2000 grams of ammonium chloride, and 
without working up the final viscous residue, there were obtained 
1037 grams of pure methylammonium chloride, 218 grams of nearly 
pure dimethylammonium chloride, 408 grams of anhydrous sodium 


formate, and 264 grams of pure methylal (b. p. 42—43°), whilst 

698 grams of ammonium chloride were recovered. The yield of 7 

methylammonium chloride was equal to 79°6 per cent. of the weight "1 

of ammonium chloride which had entered into reaction. When the dl 

value of the by-products is taken into consideration, it will be seen 

that the methylammonium salt is obtained for a very small outlay. . 
7 

Preparation of Dimethylammonium Chloride. 

The formation of the above salt in this reaction has been recently ] 
pointed out by Knudsen (Joc. cit.), but the method adopted for its wit 
preparation distinctly shows the absence of a reasonable apprecia- A 
tion of the probable mechanism of the changes. Thus, in an experi- 45 
ment designed with the object of obtaining the best yield of the heat 
secondary amine, a useless, not to say a wasteful, excess of form ton 
aldehyde was employed without any particular advantage. The p 
following experiment, carried out on the lines of the present theory, 5. 
gave a very good result. to re 

Expt. II—Two hundred grams of ammonium chloride and 400 disso! 
grams of formalin were heated to 104°, as in Expt. I, and 65 grams “ 8 
of ammonium chloride were recovered. To the filtrate 300 grams (CH, 
of formalin were now added, and the solution was again heated at Rs 
this stage to 115°, and maintained as nearly as possible at this tem- ( ma 
perature until no more liquid distilled. This required about three ‘ he 
and a-half hours. Since methylammonium chloride, produced Y per 
during the first stage, is less easily dissociated than ammonium i 
chloride, a higher temperature was required to bring about reat ‘ aes 
tion (3). It was noticed that whilst a volatile liquid commenced # ° te 
to distil at about 52° in the first stage, 92° was reached in the Piracy 
second stage before any liquid distilled, which is quite in agreement Rated 
with theory. CH,( 

The product was concentrated by evaporation at 100° until # The sr 


scum appeared on the surface of the hot liquid ; 7 grams of ammol 
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jum chloride, and 27 grams of pure methylammonium chloride were 
recovered from the material which had separated after cooling. The 
product was now heated to 120°, until a portion when cooled became 
a semi-solid, crystalline mass, after which it was allowed to remain 
for two days in a partial vacuum over sodium hydroxide. It was 
then treated with chloroform as described under Expt. I, and 122 
grams of nearly pure dimethylammonium chloride (Found, 
(1=45'14. Cale., C1=43-5 per cent.) were ultimately obtained. The 
final residue contained some trimethylammonium chloride, but was 
not further dealt with. 

The yield of dimethylammonium chloride calculated on the weight 
of ammonium chloride which had entered into reaction (that is, 
200-72=128 grams) was therefore 95:3 per cent. with the use of 
700 grams of formaldehyde solution. Knudsen obtained a yield of 
70 per cent. from 100 grams of ammonium chloride and 1000 grams 


of formalin. 


Production of Trimethylammonium Chloride from the Interaction 
of Formaldehyde and Dimethylammonium Chloride. 


In order to prove the origin of trimethylamine, in accordance 
with the present theory, the following experiment was made. 

Eept. I11—Dimethylammonium chloride (20°5 grams) and 
4) gras of a solution of formaldehyde (molecular ratio 1:2) were 
heated in a distillation flask to 110° for four hours. The composi- 
tion of the distillate, which weighed 18 grams, is given under III 
(p. 846). The product, after concentration as far as possible by 
evaporation at 100°, was heated to 120°, after which it was allowed 
to remain over sodium hydroxide, as in Expt. II. The residue was 
dissolved in chloroform, and on addition of ether (well dried) 
#5 grams of crystals were precipitated, whici: contained Cl= 36°93 
((;HyN,HCI requires Cl= 37°17 per cent.). 

A platinichloride was prepared, which contained Pt=37-03 
((sH)N,H,PtCl, requires Pt=36°95 per cent.). 

The residue, after removal of the solvent, was distilled with a 
{0 per cent, potassium hydroxide solution; the alkaline distillate, 
which possessed a strong odour of formaldehyde, was easily proved 
0 consist chiefly of dimethylamine with only a small proportion of 
the tertiary base. The original reaction product, tetramethyl- 
uethylenediamine hydrochloride, was readily hydrolysed when 
heated with a solution of potassium hydroxide, thus, 


CH,(NMe,).,2HCl + 2KOH =CH,0 + 2NHMe, + 2KCl + H,0. 
The small yield of trimethylamine was due to the relatively low 


temperature attained during the process. 
LL* 2 
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Expt. IV.—The above was repeated, but the temperature was 
raised to 160°, after evaporation at 100°; a yield of 14 grams of 
trimethylammonium chloride was obtained, thus proving the origin 
of the tertiary base, as shown in the scheme, equation (6). 


Behaviour of Methylammonium Chloride and Formaldehyde in 
the Presence of Ethyl Alcohol. 


According to theory, no methylammonium chloride should result 
from the interaction of ammonium chloride and formaldehyde in 
the absence of water, a point which is not suggested by such an 
equation, as 2CH,O + NH,=CH,*'NH, + H-CO,H, which is given by 
Knudsen to show the formation of methylamine. The insolubility 
of ammonium chloride in pure alcohol presents a difficulty in the 
use of this salt; however, the test has been made with the methy! 
derivative. 

Expt. V.—Seventeen grams of methylammonium chloride and 
15 grams of paraformaldehyde (2 mols.) were heated with 50 cc. 
of aleohol under reflux. The aldehyde was rapidly depolymerised 
and a clear, homogeneous solution was obtained as soon as the boil- 
ing point of aicohol was reached. After a short time the liquid 
gradually separated into two layers, and the change was completed 
after one hour. The lower layer when cold was a semi-solid, erystal- 
line mass, from which 10°5 grams of methylammonium chloride were 
recovered. 

The supernatant liquid was shaken with a saturated aqueous solu- 
tion of calcium chloride, dried, and distilled; 46 grams of ethylal 
(b. p. 88-—89°) were obtained, which was equal to 88°4 per cent. of 
the theoretical from 15 grams of formaldehyde. When molecular 
proportions of methylammonium chloride (17 grams) and paraform- 
aldehyde (7'5 grams) were used, 13°5 grams of the amine salt were 
recovered, and 20 grams of ethylal were obtained. 

No dimethylammonium chloride was formed, which bears out the 
part played by water in the general reaction. 


Interaction of Formaldehyde and Ammonium Chloride in the 
Presence of Water alone. 


It was pointed out, in the results given under Expt. I, that the 
yield of methylammonium chloride was equal to 79°6 per cent. of 
the weight of ammonium chloride which had entered into reaction. 
Theoretically, from equations (1) and (2) one molecular proportion 
of ammonium chloride should yield one of methylammonium 
chloride, that is, 126°1 parts of the latter salt from 100 parts of the 
former. With the use of commercial formalin there is inevitable 
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loss of formaldehyde as methylal, which, for obvious reasons, cannot 
be profitably counteracted by using an excess of the aldehyde solu- 
tion. This loss of aldehyde is undoubtedly one of the factors that 
affects the ultimate yield of methylamine; when it was eliminated 
bv the use of paraformaldehyde, a larger yield of the amine was 
obtained. 

Expt. VI.—Twenty-seven grams of ammonium chloride, 30 grams 
of paraformaldehyde (molecular ratio 1:2), and 80 c.c. of water 
were gradually heated. At 80° a clear solution was obtained, and 
the temperature was maintained for four hours at 104°. Slightly 
more than one-third (9°06 grams) of the ammonium chloride was 
recovered, whilst 18°96 grams of pure methylammonium chloride 
were obtained. This equals 105°6 parts from 100 parts of am- 
monium chloride. The amount of dimethylammonium chloride 
produced was not estimated. It is not suggested from the results 
of this experiment that paraformaldehyde could be economically 
used on a large scale with advantage, since, quite apart from its 
relatively high cost, neither formic acid nor part of the unchanged 
aldehyde can be recovered as by-products. The experiment has 
served to support the views put forward, and perhaps on a small 
scale may have some advantage. 

Many other points, dealing chiefly with the identification of the 
intermediate products, which have not been touched upon in the 
present paper, will be elaborated in a future communication. 


Universiry CHEemican LaBoraTory, 
Trinity CoLttece, Dustin. [Received July 31st, 1917.] 


LXXIII.—The Liberation of Hydrogen Sulphide 
from Gob Fires in Coal Mines. 


By Tuomas James DRAkELEY. 


EXPERIMENTS described in an earlier paper (T., 1916, 109, 723) 
have shown that iron pyrites favourably influences to a small 
extent the oxidation, and therefore spontaneous ignition, of coal. 
Lewes (Second Report of the Royal Commission on Coal Sup- 
plies, 1904 [Cd. 1991], Vol. 2, 232), however, expressed the view 
that iron pyrites has no connexion whatever with the spontaneous 
heating of coal. This inference is based on the fact that, in an 
mspection of a case of spontaneous combustion where the coal was 
heated, the sulphur was found to be evolved as hydrogen sulphide 
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and not as sulphur dioxide, as would have been the case “ if the 
pyrites had anything to do with” the fire. 

The fact that hydrogen sulphide is evolved during the initia] 
stages of a gob fire is indisputable; but the assumption that if 
iron pyrites favoured the heating, the sulphur would be given of 
necessarily as sulphur dioxide appeared to need verification. 
Ther is the reasonable possibility that the suiphur dioxide may 
be reduced to hydrogen sulphide by contact with the heated coal. 

Experiments were conducted to investigate this question, and a 
detailed account is given in the following pages. 

The investigation has shown that hydrogen sulphide may be 
formed from heated coal and iron pyrites in a number of ways, 
as, for example, by heating coal, by passing sulphur dioxide over 
heated coal, by heating mixtures of coal with sulphur or iron 


pyrites, by passing water vapour or hydrogen over heated iron 
pyrites, etc. t 
Therefore, at the seat of a gob fire, it would appear to be quite F 
possible for sulphur dioxide to be formed, but, previous to an 8 
external outbreak of the fire, there would be very little likelihood th 
of this sulphur dioxide being liberated into the mine atmosphere. an 
If the sulphur dioxide were not reduced completely to hydrogen he 
sulphide by contact with heated coal in the immediate vicinity of | 
the fire, it would encounter the larger volumes of hydrogen sulphide tw 
that would be issuing from the gradually heated material in the tur 
locality, and thereby would be decomposed to give sulphur. In con 
consequence of such reactions, no sulphur dioxide would reach the was 
external air. The 
In view of this, Lewes’s statement, that if iron pyrites assisted part 
in the ignition of the coal the sulphur would be liberated as sulphur redn 
dioxide, seems to be erroneous. F 
evoly 

The Formation of Hydrogen Sulphide by Passing Sulphur Bhs 
Dioxide over Heated Coal. . 

In order to reproduce to a certain extent the conditions of the Co: 
liberation of the gas from the gob, a moist mixture of four volumes colliey 
of carbon dioxide and one volume of sulphur dioxide was passed browr 
over 20 grams of powdered coal contained in a glass tube. The * Coa 
Ustio 


tube (45 cm. long and 2 cm. in diameter) was gradually heated in 
a 28 cm. platinum-wound electric furnace until the temperature 
reached 500°. The temperature was maintained at 500° until n0 
further evolution of gas from the coal could be detected. During 
this time, the mixture of carbon dioxide and sulphur dioxide ws 
passed over the coal at the rate of 2 litres per hour. 
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The gases evolved were delivered, first, into a Woulfe’s bottle, 
where tarry oils were deposited, through a spiral tube immersed 
in water at 10°, and then through pure concentrated sulphuric 


acid. 
After this treatment, the hydrogen sulphide in the gases was 


absorbed by passing them through a train of four bottles, each 
containing a solution of copper sulphate acidified with hydrochloric 
acid. A duplicate absorption train was arranged so that by means 
of a three-way tap the gases could be diverted from one train to 
the other. 

At the commencement of an experiment, the air in the glass 
tube in the furnace was displaced by a stream of carbon dioxide. 
The heating was started, and the mixture of carbon dioxide and 
sulphur dioxide was passed through the tube. At first, no pre- 
cipitate appeared in the copper sulphate solution, but as soon as 
the slightest trace was discernible the tap was turned so that the 
gases were washed with fresh copper sulphate solution in the 
second absorption train. This was to eliminate any possible errors 
that might arise from a reaction between the hydrogen sulphide 
and any soluble gases with which the copper sulphate solution had 
been contaminated during the initial stage of the experiment. 

After the temperature of the furnace had been 500° for about 
two hours, the mixture of carbon dioxide and sulphur dioxide was 
turned off to test whether the evolution of volatile products was 
continuing. When this ceased, the precipitated copper sulphide 
was collected, washed, dried, and detached from the filter‘ paper. 
The filter paper was ignited, and the ash was added to the main 
part of the precipitate, which was mixed with sulphur, heated to 
redness in an atmosphere of coal gas, cooled, and weighed. 

From the weight of cuprous sulphide, the quantity of sulphur 
evolved as hydrogen sulphide was calculated. 

Blank experiments (in which only carbon dioxide was passed 
over the coal) were made for each sample of coal. 

Three samples of different coals were used in the experiments. 

Coal “A” was a selected sample of Arley coal from a local 
colliery. The coal was black, possessing considerable lustre and a 
brown streak. It fractured along lines chiefly defined by “ mother 
of coal” (charcoal). The seam is not subject to spontaneous com- 
bustion. The sample was picked carefully, and all visible impurity 
excluded. 

Coal “B” was a selected sample of “Five Feet” coal from a 
‘colliery near Chester. The coal was moderately dull black, and 
"as exceptionally close and compact. The fracture was mainly 
plinty. From its properties it would appear to be a canneloid 
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coal. The seam is not subject to gob fires. The sample was freed 
carefully from all visible impurity. 

Coal ‘““C” was from a local colliery, and was a deliberately 
chosen inferior sample from the Ravine Seam, which is subject to 
spontaneous combustion. The coal consisted of alternate lustrous 
black and comparatively dull black layers ; it fractured easily along 
planes which contained considerable deposits of calcium carbonate. 
Iron pyrites was present in the finely disseminated form. The 
sample was obtained from the neighbourhood of a gob fire. 

Analyses of the coals gave the following results: 


Estimation. Coal “A.” Coal “B.’ Coal “¢.” 
Specific Gravity. 1-248. 1-247. 1-341. 

Ultimate Analysis :— Per cent. Per cent. Per cent. 
Carbon 80-937 75-761 67-730 
Hydrogen 4-815 5-783 2-992 
Nitrogen 1-365 1-487 1-015 
Sulphur 1-412 0-953 4-017 
Ash 1-660 3-646 12-084 
Oxygen, etc. (by diff.) ............ 9-811 12-350 12-162 


100-000 100-000 

Proximate Analysis :— 
Fixed Carbon 66-475 47-606 
1-660 3-646 
0-828 0-566 
31-037 48-182 


100-000 100-000 


Yield of Volatile Matter on 
heating to 500° 14-421 25-830 20-516 


The results of the experiments are given in the accompanying 
table, and are calculated for a weight of 100 grams. : 


Weight of Weight of 
sulphur in sulphur evolved 
Result. Sample. Time. coke residue. as H,S. 
Mins. Grams: Grams. 
1-352 0-032 
1-351 0-035 
Coal ** A.” : 1-373 0-172 
1-379 0-194 


0-618 0-049 
0-609 0-049 
0-711 0-316 
0-703 0351 


CMI or 


2-878 1-096 
2-879 1-098 
4-186 2-065 
4-205 2-619 


—---— 
Noe oo 


In the above table, each result represents the average of fit 
experiments. 
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The time mentioned in the second column gives the number of 
minutes taken to raise the temperature of the furnace from 15° to 
500°. Subsequently, the temperature of the furnace was main- 
tained at 500° until the end of the experiment, which occupied 
from two to two hours and a-half. 

Results 1—4 were obtained with coal ‘“‘ A,” 5—8 with coal “ B,”’ 
and 9—12 with coal “C.”’ Results 1, 2, 5, 6, 9, 10 were blank 
determinations, and give the weight of sulphur that was eliminated 
as hydrogen sulphide when 100 grams of the coal were heated in a 
current of moist carbon dioxide. Results 3, 4, 7, 8, 11, 12 were 
obtained by passing the mixture of carbon dioxide and sulphur 
dioxide over the heated coal. 

In the blank experiments, the temperature of the furnace 
reached the following values before any appreciable quantity of 
hydrogen sulphide was evolved from the samples of coal. 


Coal “A.” Coal “ B.” Coal * C.” 
Temperature 290° 270° 275° 


lt was observed, however, that when the mixture of carbon 
dioxide and sulphur dioxide was passed over the coal, no hydrogen 
sulphide was evolved until a much higher temperature had been 
reached. The values are given below. 


Coal “A.” = Coal *B.” Coal *C.” 
Temperature 440° 435° 445° 


During this time, the coal in the tube appeared to have become 
coated with a whitish-yellow powder. No doubt this was a slight 
deposit of sulphur which, probably, had been formed by the reac- 
tion between the sulphur dioxide passing over and the hydrogen 
sulphide evolved from the coal. Possibly the organic tarry liquids 
irom the coal may have influenced the interaction of the hydrogen 
sulphide and the sulphur dioxide (compare Klein, J. Physical 
Chem., 1910, 15, 1, who also showed that water was a catalyst). 

When the temperature of the furnace reached about 450°, the 

evolution of hydrogen sulphide became so rapid that the stream 
of sulphur dioxide was insufficient to react with it completely, and 
arapid precipitation of copper sulphide occurred. 
_It may be noted that a deposit of sulphur is observed frequently 
in the initial stages of an actual occurrence of a gob fire (compare 
Henshaw, Departmental Committee on Spontaneous Combustion in 
Coal Mines, Minutes of Evidence, 12th Feb.—16th July, 1913, 
» 26); but this slight yellow deposit in the cracks of the coal, 
where the heating is evidenced, may be due, in addition, to other 
“auses than the one stated above. However, the similarity between 
the actual gob fire and the experiment was striking. 
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The percentage of sulphur in the coke residue, which was slightly 
more friable when sulphur dioxide was passed over the coal, would 
indicate that a quantity of the sulphur becomes fixed in the coke, 
This may be due to an interaction between the sulphur dioxide 
and the ash constituents. 

It is possible that if the mineral matter of the coal contained 
lime at 500°, a little sulphur may have been formed by the action 
of the sulphur dioxide on the lime (Veley, T., 1893, 63, 821; com. 
pare Hammick, this vol., 379). 

The results indicate that the evolution of the hydrogen sulphide 
is increased where sulphur dioxide is passed over heating coal. The 
observed fact that the sulphur is evolved as hydrogen sulphide and 
not as sulphur dioxide from a gob fire does not, therefore, decide 
the question whether or not iron pyrites assists in the spontaneous 
ignition of coal. 


The Formation of Hydrogen Sulphide by Heating Mixtures of 
Coal and Sulphur. 


From the results obtained in the previous section, it would 
appear that the production of hydrogen sulphide resulted from 
heating the coal with the sulphur which previously had been 
deposited upon it. To investigate this question, mixtures of 


20 grams of coal with various proportions of sulphur were heated wit 
in a glass tube in an electric furnace to 500°. vas 
In the first series of experiments a stream of moist carbon se 
dioxide was passed through the tube, and was interrupted only to coal 
test whether all the volatile gases had been liberated from the E 
coal. sulp) 
In the second series of experiments, the air was displaced from W 
the glass tube containing the mixture of coal and sulphur by means with 
of a stream of dry carbon dioxide. The carbon dioxide was turned sulph 
off until all volatile matter had been expelled from the mixture, Coke 
then the residual gases were swept into the absorption train by when 
means of the current of dry carbon dioxide. eth 
Dry carbon dioxide was driven regularly over the heated mix * thar 
tures in the experiments comprising the third series. The current @ "tts 
of carbon dioxide was interrupted only to test for the cessation 0 The 
the evolution of gas from the mixtures. "as pa 
The apparatus and the method of collecting the hydroget Poe, ] 
sulphide have been described in the previous part of the paper. Which 
The following table gives the weight (in grams) of sulphur tht sulphid 
was eliminated as hydrogen sulphide and the weight of sulphur it Perimey 
the coke from mixtures of 100 grams of coal with different quanti om 
ge 


ties of sulphur : 
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Weight of 
sulphur Series 1. Series 2. Series 3. 
mixed with _——, eewr. Gre 
100 grams Sin Sas Sin Sas Sin Sas 
Result. Sample. ofcoal. coke. H,S. coke. H,S. coke. H,S. 
Grams. Grams. Grams. Grams. Grams. Grams. Grams. 
1-352 0-032 1-361 0-031 1-363 0-031 
1-373 0-801 1-394 0-605 1-394 0-515 
1-374 1-652 1-401 1-151 1-391 0-997 
1-371 2-302 1-393 1-572 1-404 1-354 
1-379 3-109 1-402 2-095 1-395 1-736 
1-370 4-036 1-401 2-097 1-397 1-831 
1-373 4-783 1-395 2-103 1-403 1-987 


i, 


| Coal ‘‘ A.” | 


“IS Cre oboe 


¢ 


0-608 0-049 9-618 0-049 0-619 0-049 
0-613 0-872 0-617 0-693 0-623 0-604 
0-618 1-801 0-835 1-502 0-871 1-025 
0-617 2-673 1-201 1-712 1-114 1-513 
0-615 3-397 1-439 2-383 1-503 2-007 
0-612 4-413 1-423 2-524 1-501 2-188 
0-617 5-216 1-457 2-591 1-512 2-436 


Te 


- Coal ‘‘ B.”’ 


c 


2-877 1-098 2-878 1-097 2-905 1-097 
3-054 1-897 3-082 1-803 3-085 1-802 
3-236 2-633 3-298 2-516 3-284 2-517 
3-509 3-189 3-611 3-167 3-627 3-091 
3-605 4-314 3-828 3-591 3-971 3-388 
3-892 4-846 3-909 3-807 4-426 3-645 
3-955 5-684 4-136 4-070 4-518 3-923 


——|) 
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' Coal ‘* C.” 


c 


It is well known that sulphur below its boiling point combines 
with hydrogen, and when heated to 200° reacts with paraffin or 
vaselin, forming hydrogen sulphide. Even if little free hydrogen 
is evolved from coal at 500°, the action of sulphur on bituminous 
coal would explain the production of hydrogen sulphide. 

Evidence that the coal behaved differently when heated with 
sulphur was noted by the change in the character of the coke. 

When coal “A” was heated alone to 500°, a firm, hard coke 
with submetallic lustre was produced, but as the quantity of 
sulphur admixed with the coal increased, the coherence of the 
coke residue diminished. Indeed, in the experiments of series 1, 
when the coal was heated with 6 grams of sulphur, the resulting 
toke was quite pulverulent. The cokes were less powdery in series 
? than in series 1, and in series 3 than series 2. The above state- 
ments were true also for coals “B” and “CC.” 

The influence of moisture on the production of hydrogen sulphide 
vas particularly noticeable (compare Jones, Mem. Manchester Phil. 
Soc, 1904, 48, No. XVI.). In the experiments in series 1, in 
vhich moisture was admitted, the sulphur evolved as hydrogen 
sulphide exceeds the quantity collected in the corresponding ex- 
petiments in series 2 and 3. In series 3, dry carbon dioxide was 
passed continually over the mixtures, and the production of 
tydrogen sulphide was the smallest. 
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It is impossible, however, to state definitely how far moisture jg 
responsible for the formation of hydrogen sulphide, as water js 
one of the decomposition products on heating coal, and therefore 
its elimination is incapable of being accomplished. That it js q 
very important factor is demonstrated by the greater production 
of hydrogen sulphide in series 1 than in either series 2 or 3, 
Furthermore, with coal “C,” which contained more than 3 per 
cent. of moisture, the difference between the results in series 2 and 
3 and those in series 1 is not so marked as with the comparatively 
dry coals “A” and “B.” That moisture is probably not the sole 
factor is substantiated by the production of hydrogen sulphide on 
heating such a mixture as sulphur and paraffin. 

The decomposition of the moisture by the heated sulphur would 
produce oxygen and hydrogen sulphide, and the loss of the caking 
power would appear to be explained satisfactorily as the result 
of the oxidation to inert substances of those particular compounds 
which endow the coal with this property. This was upheld by the 
fact that the coke increased in hardness from series 1 to 3, that is, 
as the moisture admitted to the reaction was diminished. No 
attempt was made to determine whether any carbon dioxide was 
reduced by the heated coal to carbo monoxide (see Meyer and 
Schuster, Ber., 1911, 44, 1931). . 

The weight of sulphur fixed in the coke showed no marked varia- 
tion with the different mixtures containing coal “A”’; but the 
cokes from coals “B” and “C” exhibited a gradually increasing 
fixation of sulphur. The presence of moisture tends to reduce the 
quantity of sulphur left in the coke. 

During each experiment there accumulated a_ precipitate of 
sulphur in the sulphuric acid wash-bottle. This was noticeable 
particularly with the coal mixtures containing the larger quanti 
ties of sulphur. At the conclusion of an experiment the sulphur 
acid was found to emit a pungent and disagreeable garlic-like odow:. 

The experiments indicate that where mixtures of sulphur and 
coal are heated, the sulphur is evolved largely as hydrogen sulphide 
and that its formation is increased by the presence of moisture. 

These conditions are fulfilled admirably during the initial stage 
of a gob fire; for sulphur becomes mixed with the coal, moisture i 
present, and the temperature gradually rises. Therefore it is m0! 
surprising that hydrogen sulphide is liberated from the gob and 
that sulphur dioxide is not observed until the fire breaks externally. 
Incidentally, the author may add that he has been assured by ot 
who has had experience of gob fires that the odour produced in the 
room by heating coal with sulphur is almost identical with the 
peculiar and characteristic “gob stink.” 
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Hence it may be argued that such a series of reactions as the 
following take place in the gob. First, iron pyrites assists the 
ignition and liberates sulphur dioxide. The materials in the 
locality are heated and evolve hydrogen sulphide, which reacts with 
the sulphur dioxide to form sulphur. The sulphur is deposited 
on the coal which is being heated gradually, and from this mixture 
the sulphur is disengaged as hydrogen sulphide. 

It certainly cannot be inferred that iron pyrites has no influence 
on the spontaneous ignition merely because hydrogen sulphide, and 
not sulphur dioxide, is liberated from the gob. 


The Formation of Hydrogen Sulphide by Heating Mixtures of Coal 
and Tron Pyrites, 


The experiments in this section were made in the same manner 
as those just described. The mixtures of coal and iron pyrites were 
heated in a glass tube in an electric tube furnace to 500°. Previous 
to the heating, the air was displaced from the tube by a stream of 
carbon dioxide, whilst at the conclusion the residual gases were 
wept into the absorption train, containing acidified copper sulphate 
olution, by again turning on the current of carbon dioxide. 

The analysis of the iron pyrites gave the following results: 

1-416 per cent. 


9? 


The weight of sulphur evolved as hydrogen sulphide from various 
uixtures of coal and iron pyrites is given in the accompanying 
table. 


Weight of iron Weight of sulphur 
pyrites mixed with evolved as hydrogen 
Result. Sample. 100 grams of coal. sulphide. 
Grams. Grams. 
0-031 
0-208 
0-387 
0-533 
0-666 
0-876 


CHmMOrRN OS 


— 


0-049 
0-604 
0-685 
0-789 
0-901 
1-013 


1-089 
1-620 
1-953 
2-194 
2-576 
3-058 


Coal “B” 


— 


Coal “CC” 


RS | 
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Hence, the liberation of hydrogen sulphide from a gob fire may 
be due, to a certain extent, to the effect of the coal being heated 


in the presence of iron pyrites. 


The Formation of Hydrogen Sulphide by Passing Moist Carbon 
Dioxide over Heated Iron Pyrites. 


A stream of dried carbon dioxide was passed over iron pyrites 
heated as in the previous experiments to 500° in an electric tube 
furnace, and no hydrogen sulphide could be detected in the issuing 
gases. 

When, however, a current of moist carbon dioxide was passed 
over the heated iron pyrites it resulted in the immediate produc. 
tion of hydrogen sulphide (compare Jones, Joc. cit.). A consider. 
able accumulation of sulphur collected in the cooler parts of the 
glass tube. 

This experiment indicates that some of the hydrogen sulphide 
liberated from a gob fire may owe its origin to the action of mois- 
ture on heated iron pyrites. In the gob there would be oxidisable 
material, which would acquire with avidity the oxygen produced by 
the decomposition of the moisture, and would thereby tend to 
promote the formation of the hydrogen sulphide. 


The Formation of Hydrogen Sulphide by Passing Hydrogen over 
Heated Iron Pyrites. 


For the experiments in this part 2 grams of iron pyrites were 
placed in each of two tubes (48 cm. long and 1 cm. in diameter), 
which were introduced simultaneously into an electric tube furnace 
at 500°. Through one tube was passed a stream of dry hydrogen 
at the same rate as moist hydrogen was driven through the other. 

The gases leaving the tube were delivered direct into acidified 
copper sulphate solution. The precipitated copper sulphide wis 
collected every fifteen minutes, and the sulphur estimated as previ: 
ously described. 

The quantity of sulphur emitted as hydrogen sulphide is given 
in the following table [under (a) when dry hydrogen was passed, 


Time. Sulphur evolved as hydrogen sulphide 
(a) (d) 


Minutes. Grams. Grams. 
0-436 0-779 
0-608 1-140 
0-705 1-388 
0-753 1-518 
0-773 1-590 
0-792 1-628 
0-796 1-632 
0-801 1-636 
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under (b) when wet hydrogen was used. The results are calculated 
for a weight of 10 grams of iron pyrites.] 

The values clearly demonstrate the paramount importance of 
moisture in the reduction of iron pyrites by hydrogen. 

In the coal mine the gob may reach a high temperature when 
hydrogen will form a considerable proportion of the gases emitted 
from the coal (Burgess and Wheeler, T., 1910, 97, 1917). 

In these circumstances, should 1t pass over heated iron pyrites, 
hydrogen sulphide would constitute one of the gases emitted from 


the gob. 


The author’s thanks are due to Mr. George William Farmer for 
assistance in the last series of experiments. 


Tue CHEMISTRY DEPARTMENT, 
Mintne AND TECHNICAL COLLEGE, 
WIGAN. [Received, July 14th, 1917.] 


LXXIV.—The Constitution of Carbamides. Part IV. 
The Mechanism of the Interaction of Urea and 


Nitrous Acid, 
By Emit ALPHONSE WERNER. 


Tue decomposition of urea by nitrous acid is generally considered 

to be properly expressed by the following simple equation: 
CON,H, + 2HNO, =CO, + 2N, + 3H,0, 

and this reaction is frequently cited in text-books as additional 

evidence in support of the “ carbamide” structure of urea. 

Theoretically, this reaction should be available for the estimation 
of urea, as is commonly suggested in the literature ; it is never used 
for this purpose, and it is doubtful whether it ever has been, since 
experiment has proved it to be quite valueless. On the other hand, 
it constitutes a well-known method for the estimation of nitrous 
acid, with a very fair degree of accuracy, on the supposition that 
the above equation is true. No doubt for this reason, and on 
account of the employment of other methods for the estimation of 
rea, this reaction has been considered all along as a normal change, 
scarcely deserving of any further investigation. 

In continuation of the author’s work on the constitution and pro- 
perties of urea, its behaviour towards nitrous acid has been sub- 
mitted to a careful quantitative study. The following are some of 
the more important facts which have been observed, and whilst they 
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show what an erroneous conception has been generally entertained 
regarding the nature of this reaction, they fully justify the neces. 
sity for a proper investigation into the true mechanism of the 
change. 

1. Urea and pure nitrous acid in aqueous solution did not inter. 
act. (Expts. IX, X.) 

2. The presence of a strong acid (hydrochloric or nitric) quickly 
promoted a brisk interaction, even in dilute solutions, and the reac- 
tion was completed in a relatively short time. 

3. The presence of a weak acid, such as acetic acid, did not pro- 
mote an interaction, unless the concentration was abnormally high, 
and even then the velocity of the reaction was extremely slow. 

4. The volume of nitrogen evolved was not a direct measure of 
the amount of urea decomposed, calculated on the basis -of the 
above equation ; the quantity decomposed was much greater * than 
that indicated by the evolved nitrogen. 

5. Only when urea was present in considerable excess was the 
volume of nitrogen evolved an approximately true estimate of the 
amount of nitrous acid decomposed. 

6. The volume ratio of carbon dioxide to nitrogen (1:2) required 
by the equation has never been obtained ; the proportion of carbon 
dioxide was always much higher; moreover, the composition of the 
gas was liable to much variation with small changes in concen- 
tration. 

It is obvious that, so far as the usual explanation of this reaction 
is concerned, all these facts stand out as anomalies for which the 
ordinary equation offers no explanation. 

Now, anomalies in such a reaction can have no reality; their 
apparent existence is the natural consequence of an erroneous con- 
ception of the change, and when the true constitution of urea is 
considered they appear as normal phenomena which reveal the true 
mechanism of the interaction. 


Mechanism of the Interaction of Urea and Nitrous Acid. 


In the course of a recent investigation on the properties of pure 
nitrous acid, Ray, Dey, and Ghosh (this vol., p. 414) noticed that 4 
solution of the acid (V/32-HNO,) was practically without action 01 
urea, “no matter how much urea was added.” They found that the 
addition of sulphuric acid was necessary to promote and complete 
a reaction. This anomaly, they remark, “ was without any app* 
rent reason,” a just comment when urea is believed to be carb- 
amide. Pure nitrous acid in aqueous solution does not react with 


* See remarks on page 870 
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yrea until an amino-group is presented for attack, a condition 
brought about by the production of a salt of urea on the addition 
of a sufficiently strong acid, thus: 


HN:0<) 84 HX = HN:0<) HX 


The first stage of the reaction then takes place, in accordance with 
the equation *; 


(a) HN:C<NHoEX , HNO, =N, + HNCO+2H,0+ HX. 


The eyanic acid is decomposed in two ways as fast as it is generated. 
It is hydrolysed,+ thus: 

(>) HNCO+ H,O=NH,+CO,, 
and directly attacked by nitrous acid, according to the equation : 

(c:) HNCO+ HNO,=CO,+ N,+ H,O (see Expts. VII and VIII). 

Both these decompositions proceed simultaneously with the 
primary reaction (a), but the relative proportions in which they 
take place can be varied at will, within certain limits, by adopting 
suitable conditions which will be presently shown. 

The production of cyanic acid has been easily demonstrated by 
its isolation in the form of the silver salt; thus when urea was 
attacked by nitrous acid in the presence of silver nitrate and a 
small excess of nitric acid, a yield of pure silver cyanate was 
obtained equal to 42 per cent. of the theoretical, calculated on the 
equation : 

T 7 
() HN:c<CNHeHNOs . HNO, + AgNO, = 
N, + AgOCN + 2HNO, + 2H,0, 

Considering the favourable conditions for hydrolysis, and the very 
vusible solubility of silver cyanate in dilute nitric acid, such a result 
was even more successful than could reasonably have been ex- 
pected. 

It will be seen now that when urea (in the form of a salt) and 
uitrous acid interact, a certain proportion of nitrogen from the 
urea is always fixed as an ammonium salt, and herein lies the fallacy 
of the reaction, so far as the estimation of urea is concerned. 

The variations observed in the ratios of carbon dioxide to nitrogen 
are thus easily explained, since the volume of nitrogen evolved is 
lowered in proportion to the amount of cyanic acid hydrolysed. 
The latter change can be only partly suppressed, even under the 
* No doubt this decomposition originates through the medium of 
diazotisation. 

tCyanic acid in water alone is hydrolysed to urea, 2HNCO+H,O0= 


CON,H,+CO, (Normand and Cumming, T., 1912, 101, 1859); in the 
Presence of mineral acid, of course, the change is as above. 
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most favourable conditions (that is, high concentration and nitroys 
acid in excess), with the result that the ratio of carbon dioxide to 
nitrogen evolved is never that which has been erroneously assumed, 

Now, according to the above explanation, the interaction of urea 
and nitrous acid is theoretically clearly divisible into two stages, 
during the first of which one molecule of urea is completely decom- 
posed by one molecule of nitrous acid, instead of by two molecules, 
as has been commonly, but falsely, supposed. 

This has been easily proved experimentally, by adopting the exact 
conditions which the theory rigorously demands, namely, (1) the 
presence of urea in excess at the outset, (2) a low concentration of 
nitrous acid, (3) the presence of mineral acid in excess of that 
required to neutralise ammonia generated from the hydrolysis of 
cyanic acid, and so to maintain the proper configuration of the urea 
molecule. Under these conditions the decomposition of cyanic acid 
by nitrous acid can be almost completely suppressed in favour of 
its decomposition by hydrolysis. 

A knowledge of the amount of cyanic acid hydrolysed, compared 
with the volume of nitrogen evolved, is an all-important factor, by 
means of which a very clear insight into the mechanism of the 
reaction has been obtained. 

The following results illustrate the degree of success which has 
been realised in experimentally proving the problem which is indi- 
cated by the theory of the change now put forward. 


TaBLe I. 


L. IL. Il. 
CON,H,+HNO,. CON,H,+HNO,. CON,H,+HNO,, 
1:1 15:1 2:1 


Molecular ratios 


Nitrogen evolved, 
calculated on the 
theoretical 92-5 per cent. 95-73 per cent. 99-34 per cent. 


HNCO hydrolysed 87-0 ‘i 96.0 i 99-5 ,, 


HNCO~ decom- 
posed by HNO, 13-0 4-0 0-5 


Proportion of 
urea actually de- 
composed b 
one molecule o 
91:73, 98-84 
Composition pat i ” nee 
lved = oe @ se 
ainda NO= 22, NO=13 


Ratio CO, to N... : 1 1: 1-26 1 : 1-22 


It will be seen, on viewing the results of the above experimerl 
(the full details of which are given under Expts. V., VII, and 
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VIII.), that the amount of urea decomposed by one molecular 
proportion of nitrous acid, according to the equation 


an:c<NHoHX , No, = N,+HNCO+2H,0+8X 


was less than that indicated by the volume of nitrogen evolved. 
The difference was most marked when the exact proportions (equal 
molecules) of urea and nitrous acid required by the equation were 
used, since the conditions were less favourable for a quantitative 
realisation of the second change, namely, 
HNCO + H,O + HX =NH,X +CO,, 

than when a considerable excess of urea was present. In the latter 
case, the desired object was almost fully attained (III), and the 
true nature of the primary stage of the reaction thereby 
established. 

As regards the composition of the evolved gases, the ratio of 
carbon dioxide to nitrogen was in each case approximately 1 :1°20; 
this, of course, was not the true value, since a very sensible amount 
of carbon dioxide was held in solution in the residual liquid ; when 
corrected, in the case’ of result III, for example, the true ratio 
was CO,=1, N=1'02, or 1:1 as required by the combination of 
the two equations. 

It may be well to direct attention here to the constant presence 
of a small amount of nitric oxide in the evolved gas; whilst this 
was no doubt due to the decomposition of a corresponding pro- 
portion of nitrous acid, thus, 3HNO,=HNO,+ H,O+2NO, it was 
not found possible to eliminate it completely, even when urea was 
in excess and the concentration of nitrous acid, at the outset of 
the reaction, was as low as W/20. Under such conditions as are 
commonly adopted, in the estimation of nitrous acid by the aid 
of urea, the proportions of nitric oxide may easily amount to 
between 6 and 8 per cent. of the evolved gases, according to the 
particular concentration of the solution used. This fact appears 
to have been generally overlooked. 

It is obvious when the ratios HNO,:N and 3HNO,:2NO are 
compared that the presence of nitric oxide must lead to a result 
in excess of the true value; for example, in the case of result III, 
table I, if the nitric oxide found was included as nitrogen, the 
Yield of the latter would appear as 101°8 per cent. of the 
theoretical. 

Ray and his co-workers (loc. cit.), using a solution of nitrous 
acid of concentration W/32, obtained a result which they found 
Was in excess of the true value in nearly the same proportion as 
above, and no doubt for the same reason. This decomposition of 
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nitrous acid readily explains why a solution of comparatively high 
concentration, say HNO,=1/6, can slowly attack urea; the 
generation of nitric acid gradually brings about the required 
condition. 

The results under table I were obtained by adding the 
theoretical proportion of nitrous acid slowly and at intervals to 
the acid solution of urea. A very low concentration of nitrous 
acid was thus ensured throughout the progress of the reaction. 

When the molecular proportion of nitrous acid was added all 
at once, the concentration at the outset being HNO,=N/6, the 
results, as was to be expected, were very different, as shown below 
(Expts. IV. and V.). 

TaBLe II. 


I. IT. IIL. 
CON,H,+HNO,. CON,H,+HNO, CON,H,+HNO, 
9. 


Molecular ratios Rect 15:1 2:1 
Nitrogen evolved 91-46 per cent. 94-40 per cent. 96-48 per cent. 


HNCO hydro- 
sed 71-5 “{ 76-0 
decom- 


posed by HNO, 


Urea actually de- 
composed 


Composition of f — 59-29 
gas evolved | Nd= er 


Whilst the volume of nitrogen evolved was only slightly below 
that previously observed, the amount of urea decomposed was, in 
each case, much less than before. This was the natural result of 
the much greater facility offered for the decomposition of cyanic 
acid by nitrous acid at the higher concentration. The latter was 
also responsible for the slight increase in the proportions of nitric 
oxide. The constancy * to be observed in the proportions of 
carbon dioxide and nitrogen in the evolved gases, as shown it 
both tables, in spite of the fairly wide differences in the propor 
tions of urea decomposed, is easily explained when the ratios of 
cyanic hydrolysed to cyanic decomposed by nitrous acid are cot- 
sidered. 

As regards the very slow reaction which was noticed to take 
place between urea and nitrous acid in the presence of acetic acid 
(when HNO,=J1/4), this was entirely due to the gradual decom 

* Within the limits of experimental error, the rate of mixing, for instance, 
which affects the velocity of the reaction, has a decided influence on the 
above ratios. 
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position of the former acid. Urea acetate has been described by 
Matignon (Compt. rend., 1891, 112, 1369) as a compound which 
was completely dissociated in aqueous solution, hence acetic acid 
could not establish the essential condition required to promote the 
desired interaction (Expts. IX. and X.). 


Decomposition of Urea in the Presence of Two Molecular 
Proportions of Nitrous Acid. 


The results recorded in table I have conclusively proved that 
urea can be completely decomposed by one molecular proportion 
of nitrous acid; that this is not accomplished under the conditions 
which are commonly employed is solely due to the disturbing effect 
of the secondary reaction (c). 

Now, according to the usual interpretation of the change, two 
molecular proportions of nitrous acid should be required to 
decompose one of urea. 

The effect after treating urea directly with nitrous acid in these 
proportions, and at different concentrations, in the presence of 
hydrochloric acid to promote the change are given below (for 
details see Expts. I., II., and III.). 


TaB_eE ITI. 


Nitrogen evolved. Composition of evolved gases. 
Per cent. Per cent. 


HNO, N/3 | 
I. Urea N/6 
(2c.c. N-HCl) | 


72-02 CO,=35°0, N,=55°4, NO=9°5 


HNO, N/6 ) 
II. Urea N/12 CO,=32'1, N,=58-2, NO=9°6 

(2c.c. N-HCl) | 

HNO, N/8 | 

Il. Urea N/16 | 69°19 CO, = 32°6, N,—57°3, NO= 10-0 

(2 e.e. N-HCl 

_ HNO, N/10 
IV. Urea N/20 72°07 CO,=81-1, N,=58-1, NO=10°4 
(3e.c. N-HCl) | 

In each case it was readily proved that all the urea had been 
decomposed, whilst an excess of nitrous acid remained, yet in round 
numbers only about 70 per cent. of the theoretical proportion of 
utrogen was evolved. The remainder of the nitrogen was, of 


course, present as ammonium chloride* in the residual solution 


* It is interesting to note that Claus (Ber., 1872, 4, 140) long ago noticed 
the formation of ammonia when nitrous acid reacts with urea ; thus, he gave 
the following equation for the reaction in the cold; 2CON,H,+N,0,=~ 
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It will be noticed also that, even without allowing for carbon 
dioxide held in solution, the ratio of carbon dioxide to nitrogen 
was still well below that of 1:2 as required. 

An equally marked divergence from the theoretical results was 
obtained by carrying out the reaction in two separate stages. It 
will be obvious that, according to the usual, but false, explanation 
of the change, such a procedure should give similar results for 
each stage. This was not so. Whilst the first stage was repre 
sented by the values given under I, table II, the volume of 
nitrogen evolved in the second stage was equal to only 26°38 per 
cent. of the original amount of urea present, hence 62°96 + 26:38= 
89°34 per cent.; nitrogen from the remainder of the urea (10°66 
per cent.) was fixed as ammonium chloride in the second stage 
(see Expt. IV.). 

The composition of the evolved gases, namely, CO,=22'4 per 
cent., N,=50°7 per cent., NO=26°8 per cent., was very different 
from that of the gases set free in the first stage. 

A rather remarkable paradox makes its appearance when the 
results are compared on the basis of the false and of the true 
equations; thus, according to the usual interpretation of the reac- 
tion, the amount of urea decomposed was roughly 30 per cent. 
greater (table III) than indicated by the voiume of nitrogen set 
free, whereas in reality the amount of urea decomposed was much 
less than required by the volume of nitrogen evolved. The pare 
dox, of course, is but a phantom; its existence is just as unreal 
as the usual explanation of the change is incorrect. 

A contemplation of the results just recorded, and so easily 
demonstrated, makes it almost impossible to believe that the 
behaviour of urea towards nitrous acid has ever been seriously 
studied with the object of obtaining evidence to support the sup 
posed “carbamide”’ formula.* 

Whilst the present study of the reaction has supplied further 
proof of the cyclic formula, it has also brought to light yet another 


(NH,),CO, + 2N,+ CO, It was assumed, however, that urea wa 
hydrolysed to ammonium carbonate during the process, apparently in- 
dependent of the reaction with nitrous acid, since the proportion of carbon 
dioxide to nitrogen evolved is shown to be the same as in the usual 
equation; probably for this reason, the observation is never mentioned in 
the text-books. 

* Emmerling (A., 1886, 50, 747; the original paper in Landw. Ver 
suchs-Stat., 1886, 440, was not available) studied the decomposition o 
urea by nitrous acid in the presence of nitric acid and acetic acid 
respectively, both in cold and in hot solutions. The volume of nitroge! 
evolved was found never to be equal to the theoretical, but no apparel 
attempt was made to offer any explanation of the results. 
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of the many fallacies which abound throughout the chemistry of 
urea. 

The origin of these is not far to seek. 

Instead of a careful study of the properties and reactions of 
urea being made the groundwork for solving the problem of its 
constitution, an almost infallible belief in the truth of the carb- 
amide formula has all along been the predominant factor in deter- 
mining what these properties and reactions should be. 

Secondary changes, seemingly unimportant by-products, apparent 
abnormalities in certain reactions, and so forth, have been pushed 
aside as of little consequence so long as the end result could be 
made to fit in with the “carbamide ” structure. 


Ex PERIMENTAL. 


With one exception, all the experiments were made with the aid 
of a Lunge nitrometer. The specimen of sodium nitrite used for 
the generation of nitrous acid contained 97°18 per cent. of 
NaNO, ;* a proportionate weight (71:69) corresponding with the 
theoretical required was used in each case. 


Action of Nitrous Acid on Urea in Molecular Proportions of 
Two to One. 


Expt. I—0'03 Gram of pure urea and 0°071 gram of sodium 
uitrite dissolved in 1 c.c. of water were introduced into the nitro- 
meter over mercury, and 2 c.c. of N-hydrochlorie acid directly 
added. 

Concentration at outset, HNO,=W/3, CON,H,=N/6. The 
reaction was apparently completed within thirty minutes, whilst 
more than four-fifths of the gas had been evolved after five 
winutes. In this and all other experiments not less than one 
hour was allowed to elapse before the gas was measured and 
analysed. 

Gas evolved =31°4 c.c. at 18° and 7665 mm. CO,=11 c.., 
NO=3 ec, N,=17°4 c.c. 

Volume of nitrogen at N.T.P.=16°134 c.c., =72°02 per cent. 
of the theoretical. (Theory=22°4 c.c. at N.T.P.) 

Expt. II—As above, but HNO,=N/6, CON,H,=N/12. 

Gas evolved =29°7 c.c. at 16° and 763°5 mm. CO,=9°55 c.c., 
NO=2'85 c.c., N,=17°3 c.c. : 


We Estimated by the thiourea method (T., 1912, 101, 2190, and Coade and 
emer, T., 1913, 108, 1221). 
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Volume of nitrogen at N.T.P.=16°126 c.c., =71°99 per cent, of ° 


the theoretical. 

Expt, I11.—The last experiment was repeated to prove the cause 
for the deficiency of the evolved nitrogen. 

After the evolution of gas had ceased, the residual liquid was 
well washed out of the nitrometer. It required for neutralisation, 
using methyl-orange as indicator, 61 c.c. of WV/10-sodium hydr- 
oxide. Since 1 c.c. of V-hydrochloric acid was directly neutralised 
in liberating nitrous acid, there should have remained, according 
to the usual equation, free acid equivalent to 10 c.c. of V/10- 
sodium hydroxide. Hence 10—6°1=3°9 c.c. of W/10-hydrochloric 
acid were neutralised by ammonia from the hydrolysis of cyanic 
acid. Now, according to equations (a) and ()) (p. 865), the maxi- 
mum amount of acid that could be thereby neutralised would be 
5 ec. of V/10-hydrochlorie acid, therefore 78 per cent. of the 
theoretical proportion of cyanic acid was hydrolysed, or so much 
of its nitrogen was fixed as ammonium chloride. The remainder 
of its nitrogen, namely, 22 per cent., was set free (equation ¢), 
together with that from urea, in accordance with equation (a). 

Since all the urea was decomposed with the liberation of half 
of its nitrogen, we have 50+ 22=72 per cent. of the total nitrogen 
set free, which was in complete agreemext with the result obtained 
from Expt. IT. 

As the results with urea and nitrous acid (1:2) at lower con- 
centrations (table III) were obtained in a manner similar to the 
above, further details are unnecessary. 


Action of Nitrous Acid on Urea (2:1) in Two Stages. 


Expt. IV. First Stage—0°06 Gram of urea and 0°071 gram oi 
sodium nitrite were dissolved in 4 c.c. of water, and 2 ce. of 
N-hydrochloric acid directly added. 

Concentration, CON,H,=.V/6, HNO,=1/6. 

Gas evolved=37°5 c.c. at 18° and 763 mm. CO,=137 ce, 
NO=1'6 c.c., Ng=22'2 c.c. 

Volume of nitrogen at N.T.P.=20°49 c.c., =91°46 per cent. of 
the theoretical. 

Second Stage.—The gas having been expelled from the nitro 
meter (from a repeated experiment), 0°071 gram of sodium nitrite 
dissolved in 1 c.c. of water was added, and then 1 c.c. of V-hydro 
chloric acid. The evolution of gas was very much slower than in 
the first stage, and five hours were allowed for the completion of 
the reaction. 
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Gas evolved =25°3 c.c. at 18° and 769°3 mm. CO,=10°25 c.c., 
NO=2'35 c.c., Ng=12°7 c.c. 

Volume of nitrogen at N.T.P.=11°82 ¢.c.=52°76 per cent. of 
the theoretical. 

An analysis of the residual solution after the first stage showed 
that 7°15 e.c. of W/10-hydrochloric acid had been neutralised, 
equivalent to 71°5 per cent. of cyanic acid hydrolysed, therefore 
98°5 per cent. of the evolved nitrogen was the result of the reaction 
between nitrous acid and cyanice acid (equation c); hence 
91:46 —28°5 = 62°96 per cent. of the urea present was decomposed 
in this stage. 

Therefore only 37°04 per cent. of urea remained to be attacked 
by nitrous acid in the second stage, and since 52°76 per cent. of 
nitrogen was evolved, it follows that 52°76 —37°04=15°72 per cent. 
of the nitrogen set free in this stage wa: due to the above reaction 
(equation c). 

A comparison of the results from the two stages is not without 
interest. 

First stage. Second stage. 
Urea decomposed 


HNCO hydrolysed ... 
HNCO decomposed by HNO, ... 


Composition of evolved gas 
Ratio CO, : N, : 1-62 ls 


Since nitrous acid was in considerable excess in the second stage 
(which should not be the case, according to the usual equation), 
the proportion of cyanic acid attacked by it to cyanic acid hydro- 
lysed was much greater than in the first stage. 


Decomposition of Urea by One Molecular Proportion of 
Nitrous Acid. 


In order to illustrate how the results given under table I were 
obtained, it will be sufficient to state the details of the most success- 
ful experiment. 

Expt. V.—0°12 Gram of urea was dissolved in 3 c.c. of V-hydro- 
hlorie acid, and the solution introduced into the nitrometer ; 0°071 
gram of sodium nitrite dissolved in 2 c.c. of water was placed in the 
cup (previously rinsed) of the nitrometer, and added gradually in 
four separate portions to the urea solution. The reaction, which 
was hastened by shaking to ensure rapid mixing, was allowed to 
complete itself before each addition of the sodium nitrite. 

VOL. OXI. MM 
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Gas evolved (after one hour)=44°2 c.c. at 18° and 766-4 mm.: 
CO, =19°6 c.c.; NO=0°6 c.c.; N.=24'0 c.c. 
Volume of nitrogen at N.T.P.=22°252 c.c.=99°34 per cent. of 


the theoretical. (\ 
The residual solution from a similar experiment required 10°05 cc. 
of V/10-sodium hydroxide for neutralisation. the 
Hence 20 (2 ¢.c. of V-hydrochloric acid originally free) —10-05= lys 
9°95 c.c. of V/10-hydrochloric acid were neutralised as the result of ] 
eyanic acid hydrolysis, which was therefore almost complete. There. salt 
fore the amount of urea actually decomposed was 99°34—05= oxic 
98°84 per cent. of the theoretical, only 0°5 per cent. of the evolved The 
nitrogen being derived from cyanic acid. rest 
Therefore one molecule of urea was decomposed by one molecule at ) 
of nitrous acid. acid, 
V/1 
Isolation of Cyanie Acid, as the Silver Salt, from the Interaction thow 
of Urea and Nitrous Acid. m 
Expt. VI.—0°6 Gram of urea and 0°71 gram of sodium nitrite HH nent 
were dissolved in 40 c.c. of ice-cold water and to the solution 17 & yitro, 
grams of silver nitrate previously dissolved in 5 c.c. of water and The 
5 c.c. of N-nitric acid were added. As the pale cream-coloured pre J place 
cipitate of silver nitrite, which was immediately formed, gradually J woncey 
disappeared, it was replaced by a snow-white precipitate of silver IM sicht] 
cyanate. 
During the progress of the reaction, further 5 c.c. of V-nitric acid The 
were added. After an hour the precipitate was collected, washed, 
and dried. It gave none of the reactions for nitrous acid, and “ve 
contained Ag=71°84 per cent. (AgOCN requires Ag =72 per cent); " 
on adding a few drops of sulphuric acid to the dry salt the character udded 
istic pungent odour of cyanic acid was evolved. There 
The weight of silver cyanate obtained was 0°63 gram, which was she tin 
equal to 42 per cent. of the theoretical for equation (d). and at 
Sopped, 


The Interaction of Cyanic Acid and Nitrous Acid. 


As this change does not appear to have been hitherto examined 
the following experiments were made in order to prove the validity 
of equation (c) already given. j 

Expt. VII—0-081 Gram of pure potassium cyanate and 0-01 
gram of sodium nitrite were dissolved in 2 c.c. of water and intre 
duced into the nitrometer ; 3 c.c. of V-hydrochloric acid were added, 
that is, 1 c.c. of acid in excess, to counteract the neutralising effet 
of hydrolysis. 

Concentration at outset, HNO, and HNCO=J/5. 
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The evolution of gas was very rapid, and the reaction was practi- 
ally completed within five minutes 

Gas evolved after one hour=34°3 cc. at 16° and 757°8 mm.; 
(0,=19'1 ec.; NO=3°6 cc.; N,=11'°6 c.c. 

Volume of nitrogen at N.T.P.=10°72 c.c.=47°8 per cent. of the 

theoretical. Therefore 52°2 per cent. of cyanic acid had been hydro- 
lysed. 
‘Expt. VIJI.—The above experiment was repeated. The residual 
olution required for neutralisation 8°5 c.c. of V/10-sodium hydr- 
oxide, instead of 4°78 c.e. as required by the gasometric analysis. 
The apparent discrepancy was easily explained when the above 
results were considered. The volume of nitric oxide evolved (3°33 c.c. 
at N.T.P.) represents a decomposition of 22°3 per cent. of nitrous 
aid, with the generation of nitric acid equivalent to 0°74 c.c. of 
J/10-sodium hydroxide, whilst the proportion of cyanic hydrolysed 
sowed that free nitrous acid remained equivalent to 3 c.c. of 
y/l0-sodium hydroxide. Hence 4°78+0°74+30=8'52 c.c. of 
}/l0-sodium hydroxide were required, which is in complete agree- 
nent with the value actually found. The presence of unchanged 
uitrous acid in the residual liquid was easily proved. 

Therefore the reaction between cyanic acid and nitrous acid takes 
lace theoretically between equal molecular proportions, but at a 
weentration of V/5 the velocity of hydrolysis of cyanic acid is 
lightly higher than that of the primary change. 


The Behaviour of Urea towards Pure Nitrous Acid alone or in 
the Presence of Acetic Acid. 


Eept. 1X.—-0°03 Gram of urea and 0°071 gram of sodium nitrite 
were dissolved in 2 c.c. of water and 2 cc. of N-acetic acid were 
ulded. Concentration of HNO,=N/4. 

There was no preceptible evolution of gas until after a consider- 
able time; thus, after twenty-four hours 7°4 ¢.c. had been evolved 
ind at the end of ninety-six hours, when the experiment was 
‘topped, the volume of the evolved gas was=12°6 c.c. at 13° and 
38mm. The volume of nitrogen at N.T.P. was=6°56 e¢.c., and 
the original gas contained 9°5 per cent. of nitric oxide. 

The slow action was primarily brought about as a result of the 
gradual decomposition of nitrous acid, whereby urea nitrate was 
lowly generated. Ray and his co-workers (loc. cit.) have shown 
lat even at 0° the most concentrated solution of nitrous acid, 
Mable for only a short time, was approximately WV /5°5. 

Eopt. X—The same proportions of urea and sodium nitrite as 
tlore were dissolved in 29 c.c. of water, and 1 c.c. of N-acetic acid 
’sadded. Concentration of HNO,=1'/30. 

M M 2 
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After remaining for three days in the nitrometer, the volume 
of gas evolved was 0'8 c.c. Yet when 2 e.c. of N-hydrochlorie acid 
were added, a fairly brisk reaction was quickly promoted, and eyey 
at this low concentration was almost completed at the end of half 
an hour. 


Summary. 


(1) Urea is not attacked by pure nitrous acid alone, or even 
when a second very weak acid is present. 

(2) When a salt of urea is produced, by the presence of a 
sufficiently strong acid, it is immediately attacked by nitrous acid, 
because an amino-group is thereby presented for such attack. 

(3) One molecule of urea (as a salt) requires but one molecule 
of nitrous acid for its decomposition into nitrogen, cyanic acid, 
and water, since only one amino-group is present. 

(4) Cyanic acid and nitrous acid react in equal molecular pro- 
portions, with the production of nitrogen, carbon dioxide, and 
water. 

(5) The usual interpretation of the reaction between urea and 
nitrous acid, which has been hitherto accepted, is incorrect; first, 
because it is in contradiction to the experimental facts, and, 
secondly, because it is based on an erroneous conception of the 
constitution of urea. 


University CHEmicaL LABORATORY, 
Trinity Cottece, DUBLIN. [ Received, July 21st, 1917.) 


LXXV.—A Theory of the Mechanism of the Phyto 
chemical Synthesis of certain Alkaloids. 


By Rosert Rosinson. 


ALTHOUGH in recent years, largely owing to the investigations « 
Pictet and his collaborators, there has been a due recognition ¢ 
the importance of the réle played by formaldehyde in the produg 
tion of alkaloids in plants, and although it is generally admit 
(compare Winterstein and Trier, “ Die Alkaloide,” pp. 263-31) 
that the amino-acids and carbohydrates are the most probal 
starting points for the majority of phytochemical syntheses, | 
little progress has been made in ascertaining the nature of ti 
processes or even in the less ambitious task of formulating po 
mechanisms based on laboratory analogies. The details of ' 


ad or 
reactive 
product 
The | 
oa dey 
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«hemes which have been suggested, with but few exceptions, 
involve reactions for which little or no parallel exists in synthetical 
organic chemistry under conditions approximating to those obtain- 
ing in a plant. Thus Pictet’s view of the mechanism of the syn- 
thesis of nicotine was founded on observations of pyrogenic reac- 
ims of pyrrole derivatives, and Winterstein and Trier seek to 
replace this hypothesis by another, according to which the base 
psults from the oxidation of a mixture of pyridine and V-methyl- 
yrrolidine (/oc. c/t., p. 298). Similar ideas have been advanced 
jy Windaus and Knoop (Beitr. chem. Physiol. Path., 1905, 6, 392) 
joexplain the formation of xanthine by the oxidation of a mixture 
i carbkemide and methylglyoxaline and of histidine by an analo- 
gus process applied to glycine and methylglyoxaline. 
There has thus been a tendency to explain the results observed 
iy the assumption that plants have at their command enormously 
powerful reagents that are able to cause substances, the properties 
which have been investigated with considerable care, to undergo 
iausformations which cannot be induced in the laboratory. To a 
wrtain extent, and especially in regard to oxidation and reduction, 
this must be true, but it is probable that this aspect has been 
aaggerated and that an equally important cause of the variety 
ai complexity of syntheses in plants resides in the highly 
mative nature of the substances which function as intermediate 
products. 
The point of view reached in the present communication is due 
badevelopment of ideas which owed their inception to the hypo- 
thesis that the synthesis of tropinone recently described (this vol., 
p. 162), on account of its simplicity, is probably the method em- 
jloyed by the plant, and confirmation of this theory was sought and 
und in the structures of hygrine and cuschygrine, which stand to 
me another in the same relation as styryl methyl ketone (benzyl- 
imeacetone) to distyryl ketone (dibenzylideneacetone). Having 
tnd it desirable to proceed from ornithine in order to reach the 
“s of the pyrrolidine group, it was obviously interesting to 
jure as to whether similar methods applied to the homologous 
pane would lead to naturally occurring piperidine compounds. 
is proved to be the case, and the investigation was then extended 
include the more important of the alkaloids the constitutions of 
ich have heen determined. In the schemes given in the sequel, 
iking of carbon to carbon is traced to two processes only, namely, 
aldol condensation and the very similar condensation of 
thinol-amines, resulting from the combination of an aldehyde or 
one and ammonia or an amine, and containing the group 


OH)-N-, with substances containing the group -CH:CO-. 
® latter reaction has been investigated chiefly in connexion 
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with cotarnine and similar pseudo-bases, and the production of 
anhydrocotarnineacetone (I) may be cited as a typical example: 


C,H,0,—0 H-0H ae 0,H,0,—C H-CH,-C0-CH 
GH,CH,NMe *CHsCO°CH, —> Oh on -NMe 
(I.) 


The condensing agent employed by Liebermann and Kropf (Ber, 
1904, 37, 211) in this case is unnecessary, and the reaction proceeds 
to completion in aqueous solution and at the ordinary temperature. 
In fact, these pseudo-bases are substances which enter into a 
variety of condensations with the greatest facility, and a large 
number of substances have been prepared in this way, and in most 


cases in good yield. 

Employing these admissible methods it is possible in each 
instance to obtain the alkaloid skeleton, and the further modifica- 
ticns are usually made by means of oxidations or reductions and by 
elimination of water with the formation of an aromatic nucleus or 


occasionally of an ethylene derivative. The more important start- . 
ing points employed are ammonia and formaldehyde, ornithine al 
(arginine) and lysine and degradation products of carbohydrates. 7 
Of the latter, citric acid is suggested as the source of acetone 101 
residues which it supplies in the form of acetonedicarboxylie acid of 
as the result of oxidation. Seekamp has observed the formation NH 
of acetone (Annalen, 1893, 278, 374) by the photochemical decom- 
position of a 5 per cent. aqueous solution of citric acid containing N 
1 per cent. of uranium oxide, and it can scarcely be doubted that 
the dicarboxylic acid was an intermediate product. The author Nat 
does not, however, wish to emphasise unduly this theory of the the 
source of the acetone residues, and it is interesting to note that md 
Lippmann (Ber., 1893, 26, 3057) found that acetonedicarboxyli: cube 
acid was obtained during the spontaneous decomposition of caleiu! Fi 
trisaccharate. Further, a reactive acetone derivative may be foun! 
in diacetylacetone or other ‘ polyketen,’ the formation of which i * hr 
plants has been discussed by Collie (T., 1893, 63, 329; 1907, 91, others 
1806), and in that case the acetyl groups would be removed lj in 
hydrolysis subsequent to the condensations. However, the ocr .. a 
rence of the carboxyl group in ecgonine suggests that in oo 
synthesis of cocaine it is a carboxylated acetone derivative whidJ find th, 
is the forerunner of the alkaloid. Except in the cases of hygrin ™ the 
and tropinone, the carboxyl groups have been omitted from ™ of 
‘ ). 
acetone rests for the sake of simplicity in representation. As Quite 
starting point for both quinoline and isoquinoline bases, it has be tyrosing 
found convenient to assume the intervention of acetylgly: ve 
Tesence 


aldehyde (II), or A~butene-aB-diol-y-one, a substance which has? 
yet been isolated. It may readily be derived from a pentos 
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methylpentose by loss of water and oxidation, as shown below, and 
it is perhaps significant that a methylpentose, quinovose, occurs in 
a state of combination as quinovin in cinchona-bark. 


0H-CH,-CH (OH)-CH(OH)-CH(OH)-CHO 
1,0 | 


Oxidation 
NY ; 
CH,CO-CH(OH)-CH(OH)*CHO 
| Oxidation 


CH,:CO-CH(OH)-CHO = CH,-CO-C(OH):CH-OH 
(II.) 


The Pyrrolidine Group. 


It has recently been demonstrated by Hess (Ber., 1913, 46, 
4104*) that the methylation of an amine with the aid of form- 
aldehyde is accompanied by oxidation, amino-alcohols yielding 
methylaminoketones. The methylating and oxidising action of 
formaldehyde on ornithine might therefore yield a carbinol-amine 
of the pyrrolidine series in accordance with the equation 


NH,-CH,-CH,-CH,*CH(NH,)-CO,H + CH,0 = 


CH,-CH(OH) 


ie >NMe | + NH, + CO,. 


NHMe-CH,-CH,-CHO | — 


Naturally, the possibility is not excluded that the oxidation of 
the amino-acid + is preceded by the formation of a hydroxy-acid, 
and ammonia and alcohols may in all cases be intermediate between 
amines and the aldehydes obtained by oxidation. 

Further oxidation accompanying methylation might attack both 


* In which a complete list of references to earlior work by Eschweiler and 
others will be found. 

t Dakin (J. Biol. Chem., 1906, 1, 171) has applied Fenton’s method 
of oxidation by means of hydrogen peroxide and a trace of ferrous sulphate 
to the ammonium salts of the amino-acids, and has obtained aldehydes, 
ammonia, and carbon dioxide. Hurtley and Wootton (T., 1911, 99, 288) 
find that alloxan effects the same change which had already been observed 
in the particular instances of the conversion of alanine into acetaldehyde 
- of leucine into isovaleraldehyde by Strecker (Annalen, 1862, 123, 

Quite recently Schweitzer (Biochem. Zeitsch., 1916, 78, 37) has shown that the 
tyrosinase from potatoes can oxidise glycine with the formation of form- 
aldehyde, carbon dioxide, and ammonia. The reaction takes place in the 
Presence of an alkali, preferably calcium hydroxide, and appears to be 
accelerated by chlorophyll. 
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ends of the molecule, with the production of succindialdehyde * 
and methylamine, as shown below: 


NH,°CH,:CH,-CH,-CH(NH,)*CO,H + 20H,0 = 


OH,-CH(OH) 
. . ('t ‘ai ' IN 
CHO-CH,:CH, cuo| —> ba -cnony | + 2NH,Me+C0, 


After condensation with acetonedicarboxylic acid and elimina. 
tion of carbon dioxide, hygrine (III), cuschygrine (IV), and 
tropinone (V) are obtained. The synthesis of the latter base (this 
vol., p. 762) by means of the reaction here assumed to occur in 
nature was accomplished in dilute aqueous solution at the ordinary 
temperature. Willstitter (Ber., 1900, 33, 1161) has already given 
reasons for supposing that the synthesis of atropine and its con- 
geners and of cocaine is preceded by that of tropinone, and it js 
now possible to add that the carboxyl of cocaine j{ is the result of 
partial decomposition of tropinonedicarboxylic acid, possibly 
occasioned by the formation of the methyl ester or of an acid salt. 
In the latter case, the process resembles that which Bandrowski 
employed for the preparation of propiolic acid’ from acetylenedi- 
carboxylic acid (Ber., 1880, 18, 2340). The question of the 
synthesis of benzoic and tropic acids is not examined here, since 
there is no evidence from accompanying hydroaromatic compounds 
as to how these may be derived from the carbohydrates. 


* Succindialdehyde would be more readily obtained from a diaminoadipic 
acid which does not, however, appear to have been isolated. 

+ The simplest substance produced on the cocaine model is probably 
arecoline, a comparison of the formula of which with that of cocaine shows 
that the only divergences, which it is necessary to postulate in tho synthesis 
of the former from that of the latter, are the employment of two molecules 
of formaldehyde instead of one of succindialdehyde and loss of water instead 
of benzoylation. 


OH-OBz 
fy, CH 
“co 


a aN 
H, CH CO,Me CH, COCO, Me 


| 
CH, CH, ad | 
- N MeV 


J 
NMe 


Cocaine. Arecoline. Trigonelline. 


Arecoline also closely resembles a hypothetical intermediate in the 
synthesis of nicotine. If it is oxidised, as was assumed for that mor 
complex tetrahydropyridine, then the betaine trigonelline would be 
obtained. 


The 
hygrin 
reaction 
ammon: 
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NMe CO, H 


ie CH,-CO-CH,:CO,H 
of, CH-OH . ii 
CH,-CH, 


NMe 


™ 
CH, CH-CH-CO-CH,-CO,H aa CH, CH CH,°COMe 
CH,—CH, CH,--CH, 
(VI.) (IL. 


NMe CO,H CO,H NMe 


/\ CH,:CO-CH, Ze. 
CH, CH-OH HO-CH "CB, 


(H,—-CH, CH,-CH, 
NMe NMe 
ZN -™* 
CA, OH-CH,-CO-CH,-CH OH, 


CH,-—-CH, CH,-CH, 
(LV.) 


+ 200, + 2H,0 


CHOH CH,-CO,H CH--CH-CO,H 
cA, | 

| NMe CO —> 
CH, | 


| 
\CH-OH 


| 


Y 
Ecgonine CH—CH:CO,K(Me 
eaif ai tina Tropine y-Tropine 

Y CH, Y Y 

Benzoyl eegonine pe ni | NMe CO Hyoscyamine, Tropa- 
CH, atropine, etc. cocaine. 
Y , ¥ 

Cocaine \GH-CH, 


The condensation product (VI), which forms the source of 
hygrine, may also be the progenitor of nicotine (VIII), and the 
teactions necessary involve condensation with formaldehyde and 
ammonia to a piperidone (VII) containing the nicotine skeleton, 


after which there are alternative ways of expressing the remaining 
stages, 
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CO CO,H NMe 


hie * 
cO,H-cH, UH——ci CH, —> 
CH,O CH,0 H,-CH» 

NH, 


(VI.) 
CO NMe CH-OH 
i. ZN 
CH, CH—CH CH, 


CH, CH, CH,-CH, 


Reduction 


Z\ 
CH, CH- 
ies 


NH 
(VIT.) 


NM; 
\ 


/\—fa ‘on 
\/ CH,;-CH, 
N 


CH 


/\ 
CH, C— 
| I 


Oxida- 


tion 


(VIIT.) 
The Piperidine Group. 


Starting from lysine * (IX) and proceeding as illustrated above 
in the case of the lower homologue ornithine, the formation of the 
bases X and XI would be anticipated. The latter is the alkaloid 
y-pelletierine, isolated by Ciamician and Silber and by Piccinini 
from the root-bark of the pomegranate tree, and since tropinone has 
not yet been obtained from natural sources, the occurrence of its 
ring homologue is particularly valuable evidence. The base X 
has been synthesised by Hess, Merck, and Uibrig (Ber., 1915, 48, 
1886), and later identified by Hess and Eichel (Ber., 1917, 50, 
380) with a methylpelletierine occurring in small relative amount 
in the alkaloids of the pomegranate tree. 


NH,°CH,°CH,*CH,CH,*CH(NH,)*CO,H 
(IX.) 


CH,—CH—-CH, 
I | I 
CH, NMe CO 
! ! | 
CH,—CH—CH, 
(X1I.) 

* Clearly the source through cadaverine of the piperidine rest which 

appears in piperine. 
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The frequent concurrence of closely related alkaloids, such as 
the pelletierines * or coniine and its associates, is probably to be 
explained by variations of some primary product due to alternate 
hydration and dehydration or by oxidation and reduction. In 
this connexion, a highly significant discovery has been reported by 
Hess, Eichel, and Uibrig (Ber., 1917, 50, 351), who find that the 
reaction between amino-alcohols and formaldehyde is reversible. 
The methylaminoketone (X), for example, is decomposed in 
alcoholic solution by semicarbazide acetate, with the formation of 
the demethylated amino-aleohol (XII) and formaldehydesemi- 


CH, CH, 


Ni iN 
(X) PY ban, —» fm a, 
CH, CH-CH,CH(OH)-CH, CH, CH-CH,:CH,-CH, 
VY a 
NH NH | 
(XII.) (XTII.) 


1 
CH, 
f™ 
CH, CH, 
CH, CH-CH,°CH,°CH, 
& 
NMe 


XIV.) 
CH, 


/\ 
CH, CH, 
OH, CH-CH:CH-CH, » CH-CH(OH)-CH,’CH, 


VW 
NH 


(XV.) 
CH, 


NH 
(XVI.) 


4 The imino-ketone pelletierine, containing one reactive methylene-group 
*ss and Eichel, loc. cit.), has not yet been completely investigated, but, on 
* evidence so far recorded, and from analogy it should be the ketone 
Mesponding with conhydrine or, more probably, the 3-piperidone obtained 
addition of water to coniceine followed by oxidation. In either case it 
fit into the lysine-acetone scheme. 
M M* 2 
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carbazone. This suggests not only that oxidation accompanies 
N-methylation and O-methylation, but also that reduction js 
associated with N-demethylation. Coniine (XIII), ¥-methy). 
coniine (XIV), conhydrine (XV), and coniceine (XVI) represent 
on this view modifications of the amino-alcohol (XII), and therefore 
of the normal product (X), from lysine, formaldehyde, and a 
reactive acetone derivative. 

In the above, and also in some of the sections which follow, the 
reduction of alkylamines has been assumed, and it may be pointed 
out that there is evidence that these substances are reducible, the 
reaction probably depending on the intermediate formation of an 
unsaturated or cyclic ammonium hydroxide. 


The Quinuclidine Group. 


Condensations between formaldehyde, ammonia, and a reactive 
acetone derivative, such as acetonedicarboxylic acid, can explain 
in an astonishingly simple manner the formation of alkaloids con- 
taining the curious quinuclidine ring system. Ammonia, three 
molecules of formaldehyde, and the acetone derivative lead to the 
formation of the piperidone (XVII), two molecules of which enter 
another molecule of acetone derivative, producing XVIII. This, 
owing to the stability of the ring system produced, undergoes 
internal aldol condensation, and complete reduction then results in 


sparteine (XIX). 
co 


ZN 
CO,H-CH, ' CH,-CO,H 
CH,0 CH,0 


NH, 
CH,O 


co 


VA \ 
CH, CH, CH,:CO-CH, CH, CH, 


| 
CH, CH, CH, CH, CH, Cf, 
74 \ ny 7 
(XVIII) 
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a. J‘ AN 
CH, CH, \CH-CH,-CH ou, U8, 


| 
vH,CH, CH, OH, CH, CH, 

oh, ee 
5 n/ \N al Y 


(XIX.) K 


% 


C-OH /oou 
IN IN 
Ct, CH, OH: CO-CH CH 2 CH, 


OH, CH, OH, OH, CH, on, 
ee i 
\ 4 \N 


N 

Sparteine thus appears as the reduction product of a substance 
obtained by condensation along normal lines of three molecules of 
an acetone derivative with six of formaldehyde and two of 
ammonia. In the presence of an excess of the acetone derivative, 
or with such a substance containing only one highly reactive 
methylene group, for example, acetoacetic acid, the reaction with 
formaldehyde and ammonia might take a different course, resulting 
in the formation of the diketone (XX), and this is believed tc be 


(XX.) 
fo 


CH, CH, CH,-CO-CH 
| 
CH(OH)-CHO CH, CH, 
y | 
[eo] \“ NH 
YA 
N 
(XXL) 


fo 


4 
CH, CH, CH,-CO-CH, 


CH(OH)-CH CH OH, 
[Meo}’ \“ “ 
Ws 
N 
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JN E 
4 \ E 
CH, CH, CH-CH(OH)-CH, |= 
CH(OH):CH CH, UH, 3 
hee \* 
° J 
[meOF 2, iy \¥ con 
‘ K r 
eal 9 fou, JN 
| . CH, CH, UH-CO-CE, 


| 
CH(OH)-CH CH, CH, 


— Le 
[Meo] \” \ WV 
a eo 
+ 
CH 


- H,0 


cH, CH, CH-CH:cH, 


| 
¥ CH(OH)-CH CH, CH, 


j \ | 4 
[Meo]/ S7\ SY 


ANZ / 
N CE 
Co CO-CH, C(OH)-C(OH)-CH, 
/ | | Fa CH 
' J | Pa \ 
CH, CH, CH, Reduction CH, CH, CH, 


ee 


| 
¢-CHOH)'CH CH, CH, ¢-CH(OH)-CH CH, CH, 
* Ps 


CH--C(OH)-CH, ((OH)-CH-CH 
! F 

. Z Fd 

} =e * = 3 CH, CH, CH; 
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| | 
¢-CH(OH)‘CH CH, CH, ¢-CH\OH)-CH CH, CH, 
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the origin of cinchonine and quinine. The quinoline derivative 
(XXI) enters the molecule in the manner assumed throughout, that 
js, by a carbinol-amine condensation, and the remainder of the 
reactions are of the type already formulated in the case of sparteine. 
An alternative for the later stages is presented in the scheme 
which is given below. It is possible that reduction of the diketone 
(XXII) produces, first, an internal pinacone (compare Kipping 
and Perkin, T., 1891, 59, 214), which, after further reduction, 
undergoes a transformation of the ring system accompanied by 
elimination of water. 

With regard to the genesis of the quinoline derivatives required 
for cinchonine and quinine, it is natural to seek an explanation 
from the constitution of quinic acid (XXITI), which accompanies 
these alkaloids in the plant and is readily converted into quinol 
derivatives. The coincidence that quinine is also, in a sense, a 
derivative of p-aminopheno] strengthens the conviction that quinic 
acid is the source of the quinoline half of the molecule. In any 
case, it would seem necessary that the acid should become oxidised 
to the ketone (XXIV), so as to provide the six-carbon system and 
admit the entry of the nitrogen atom. Further, a _ reactive 


CH(OH)-CHO 
CH°OH CH-OH 
J\ 
Pd 7 
CHOH CH, CH-OH CH, 
CH, C(OH):CO,H CH, oe) 
” ya 
¥ a 
CH-OH CH-OH NH, 
(XXII) (X XIV.) 


CH(OH)-CHO 


| 
CH-OH C-0H 
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,74 
CH(OH)-CHO CH(OH)-CHO 

CH © CH OC 

4 Js i eal 
\ m4 \ WA Ys 
CH-OH © CH HO-CH,OCH = G CH 
CH C CH, +cH0 CH CG CH, 

4 a NN ¢ 4 
4 I, IY \ SZ 
CH N CH N 


| 
| —H,0 


jm \ 
CH(OH)-CHO CH(OH)-CHO 
| 
a wn Meo/ \” \ 
\A\Z te Ne 
N N 
methylene group is so produced, enabling the occurrence of the Cor 


condensation which closes the quinoline ring. This process is 
formulated below, and the heterocyclic nucleus is obtained by a 
reaction similar to that by means of which quinaldine may be 
synthesised from o-aminobenzaldehyde and acetone. 

In the majority of the complex examples discussed, it is obvious 
that the order in which the reactions may be supposed to occur 
can be considerably varied without fundamentally altering the 
character of the suggested processes, and in the case of quinine 


there are several plausible variations of this kind, the most A 
important of which is perhaps that the quinoline ring may be The 
closed immediately after the appearance of an acetyl group in 4 the ¢ 
modified carbohydrate, such as quinovose, and the product must orp 
then suffer further degradation by oxidation of the side-chain. subje 
“Poel 

a ae ae ee . in su 

The isoQuinoline Group. ilkalo 

In the discussion of this large and important group, it will clear formu 
the ground to construct, in the first place, a table which it is cor hesita: 
sidered represents the genetic relationships of the more important the sy 


members, 
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Carbohydrate degradation products + ammonia 


Hydroaromatic base (HB) —> Hydroaromatic aldehyde (HA) 


Aromatic base (AB) —> ~~ Aromatic aldehyde (AA) 
(HB+HA —-H,0) 


y \ 
Morphine Bulbocapnine isoThebaine 
Codeine  Corytuberine, ete. 

yThebaine 


(HB+AA - H,0) 


Oxidation 


Glaucine, dicentrine 


(AB + AA — H,0) 
Y 
Norcorydaline <— Norlaudanosine —> Laudanine, laudanosine, 
| papaverine, xanthaline, 
v hydrastine 
Corydaline Norecanadine 
Y 


Canadine, berberine, protopine, cryptopine. 
(HB+CH,0O) —> Pyrogallol derivative + AA — H,O 
‘ 


Narcotine, narceine. 
((AB+HA) —> Hydrastine, norcanadine, etc., corydaline.] 


A. The Hydroaromatic base (KXV) and Aldehyde (XXVI).— 
The clue to the nature of the hydroaromatic substances from which 
the isoquinoline bases are derived is given by the constitution of 
morphine, and it is regrettable that general agreement on this 
subject has not yet been reached. However, it is only the 
“Pschorr formula” which it has been found possible to dissect 
in such a manner as to show a relation with the other opium 
alkaloids, and this formula has been adopted especially since the 
formule which it is suggested should replace it cannot without 
hesitation be accepted as superior expressions of the properties of 
the substance. By working back from morphine, a scheme for 
the synthesis of the isoquinoline alkaloids by means of aldol con- 
deusations has been deduced, and the preliminary stages, starting 
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from ammonia, formaldehyde,* a reactive acetone derivative, and 
acetylglycollaldehyde, are represented below. 


CH,-CO-CH(OH)-CHO + CO,H-CO-CH,-CO-CO,H 


Y 
CH,-CO-CH(OH)-CH(OH)-CH,-CO-CH, + CH,0 + NH, 


y 
co 
AN 
HO-CH CH, 
HO'CH CO: CH, -CH,:NH, 
‘fi, 


CO 


cs 
Aldol HO-CH CH, 
‘condensation HO-CH C(OH)-CH,-CH,-NH, 
i 
CH, 
(X XV) (HB) 


| 
NY 
CO Co 
ZN JN 
HO-CH CH, Oxidation HO-CH CH 
HO-GH G(OH)CH,;CHO  <— CH C-CH,-CH,-NH, 
\Z 


CH, 
(XXVI.) (HA) 
| 
| -H.O 
Y 4 

OH 
HO’ \ 


CH,-CHO CH,-CH,:NH, 
Mas WW, 


(XXVIII.) (AA) (XXVIL.) (AB) 


* In all cases where formaldehyde is supposed to enter into a carbinol- 
amine condensation it is clearly equivalent to assume the intervention of 
glyoxylic acid or even of an aldehyde, R*CHO, in which the group Ris 
readily oxidisable to carboxyl after the condensation. 

(a) -CO-CH,+CH,O+NH, —> -CO-CH,-CH,’NH,,. 

A 
(b) -CO-CH,+CHO-CO,H+NH, —> ‘CO-CH,*CH(NH,)*C0,H. 
* 


-H,0 


(c) -CO-CH, + CHO-CH,-OH (e.g.) +NH, —> 
-CO-CH,*CH(NH,)-CH, 0H 


The amino-acids formed in such reactions must be a-amino-acids, and the 
elimination of carbon dioxide will therefore always be explicable. The 
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B. Formation of the Aromatic Compounds.—Simple dehydra- 
tion of XXV and XXVI leads to 3:4-dihydroxyphenylethyl- 
amine (XX VII) and 3:4-dihydroxyphenylacetaldehyde (XXVIII), 
and attention is directed to the peculiarity of the constitution of 
the hydroaromatic substances, which renders it extremely improb- 
able that an orientation in the benzene derivatives other than that 
observed could result from the process. Oxidation of XXV 
would, however, produce a pyrogallol derivative, and this oxida- 
tion might be the result of methylenation of the two adjacent 
hydroxyl groups preventing the removal of oxygen from the ring. 
The dihydrobenzene so obtained would then be oxidised to 


XXIX. 
co 
Z\ 
O-CH CH - H,0 
O-CH C-CH,-CH,:-NH-CH,-OH 


\Z 
CH, 


(xxv.) CU2 CH,< 


OH 
i 
\ By CH NEMe ° 
(X XIX.) 


C. Elaboration of the Morphine Sub-group—tThe _hydro- 
aromatic aldehyde (XXVI) condenses with the hydroaromatic 
base (XXV), producing XXX, XXXI, and XXXII by a 
carbinol-amine condensation, an internal aldol condensation, and 
by elimination of water. At this stage, in order to obtain mor- 
phine it is necessary to assume the only reduction which is encoun- 
tered in the whole group. The hydroxyl group marked (a) is in a 
position with respect to the nitrogen atom which renders plausible 


H< 


syntheses of histidine, tryptophane, and tyrosine probably involve reactions 
of this type. In the case of histidine the complete representation would be 
the following : 


NH, CHO NH, 

NH, OO-CH, CHO-CO,H 
one—9H _+(CO,] 

NH-C-CH,-CH(NH,)-CO,H + 41,0 


In general, the group *CO*CH, becomes *CO*CH,*CH(NH,)‘CO,H, and the 
‘arbonyl group can then take part in aldol condensations leading to cyclic 
“tuctures, whilst the carboxyl group may be eliminated or the amino-acid be 
oxidised to an aldehyde. The adoption of such a view in the case of the 
forerunner of the isoquinoline alkaloids is favoured by the author, but the 
smpler Suggestion is retained in the text in order to avoid undue complexity 
of the formule. 
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the assumption of the formation of a cyclic ammonium hydroxide 


and after the reduction morphine (XXXIII) is obtained by 
Y-methylation and elimination of two molecules of water. 
(-Methylation, in addition, provides codeine, and thebaine is the 
result of still further methylation, accompanied by loss of two 
atoms of hydrogen. 

D. The -lromatic Phenanthrene Sub-group—The compound 


XXXII, by symmetrical elimination of three molecules cf 
water, yields the phenol derivative (XXX1V), which by V-methyla- 
tion and methylation of two phenolic hydroxyl groups _be- 
comes tsothebaine (XXXV), which Klee (Arch. Pharm., 1914, 
952, 211) has shown accompanies thebaine in Papaver orientale. 


Ho’ \ Me0/ 
HO}. . HO 


\/% \CH, 
on 
HO’ \ CNNH 
%, ve H, 
GH, 

(XXXIV.) 


‘ / 
\ A 


‘cu; 
OH 


a \ 
MeO’ \“ \NMe 


\4A\/ER2 
CH, 
(XXXV.) 


If the hydrozromatic ring of XXXII becomes oxidised, as may 

vell happen sin-ultaneously with the N-methylation of formalde- 
hyde, one of the -CH(OH): groups becoming *CO-, then elimina- 
tim of water leads to XXXVI, which by methylation and 
nethylenation prevides numerous alkaloids of the corydalis—phen- 
aithrene type, such as bulbocapnine (XXXVII) (Gadamer and 
Kuntze, Arch. Pharm., 1911, 249, 598). 


OMe 
Meo’ \ 
HO Aaa, 
CH 
o/\/\yate eo’ S/S 


| 
YN OM, man \ Cy 
UH, CH, 


(XXXVI) (XX XVII.) (XX XVIIL.) 


In glaucine (XX XVIII) and dicentrine (Asahina, Arch. Pharm., 
99, 247, 201; Gadamer, zhid., 1911, 249, 680) the orientation 
b the catechol ithe groups suggeste that these bases are the result 
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of condensation of the aromatic aldehyde (XXVIII) with the 
hydroaromatic base (X XV), and the condensation which closes the 
phenanthrene ring may then produce a 4:5-substituted catechol 
derivatize. Apart from this, the reactions necessary will entirely 
resemble those required for bulbocapnine. 

E. Norlaudanosine and the Products obtained from it by the 
Action of Formaldehyde—Norlaudanosine (XX XIX) is the result 
of condensation of XX VII and XXVIII, as illustrated below (com- 
pare Winterstei: and Trier, Joc. cit., p. 307): 


OH OH 
HO’ (XXVIIL) HO’ 
, 
CH, 
OH 

Ho/ \“ \nH 


HO. i, 
WV ZO 
CH, 


2 
(XXVIT.) (XXXIX.) 


Norlavdanosine is subject to attack by formaldehyde at six 
points, and the nature of the substances produced largely depends 
on the amount of oxidation which accompanies the methylations. 


(a) Laudanosine, 
C,,H,;0O,N + 5CH,O = C,,H,;0,N + 50. 
Complete methylation of phenolic hydroxyls and of the imino- 
group unaccompanied by internal oxidation. 


(b) Papaverine, 
C,,H,;,0,N + 4CH,O = C,)H,,0,N + 20 + 2H,0. 
Methylation of phenolic hydroxyl and oxidation of the tetre 
hydroisoquinoline ring. 


(c) Xanthaline (papaveraldine), 


(d) Hydrastine, 
C,,H,,0,N + 5CH,O =C,,H,,0,N + 3H,0. 
The essential reaction here is a “ Lederer-Manasse ” synthesis 
introduciag the group -CH,-OH into the benzene ring. The product 
then becomes simultaneously methylated and oxidised, as indicated 


below : 
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OH o CH,°OH 


/\Nou Ao. -CH,OH 
_ _OH,-OH CH, OH 
\/ ’ YY 
CH, cH, 
OH CH 
i\/ ee fs ae 
HO NH CH. im N- *CH,"OH 


OC \ 
HO. /\ JOE: OA /O8: 
CH, CH, 


—> 


OMe 


ie \n 
CH < NMe 


CH, 

(e) The Berberine Sub-group. 

The establishment of a bridge between the nitrogen and the 
benzene ring produces norcanadine (XL), and the reaction is, of 
course, that which Pictet and Gams (Compt. rend., 1911, 153, 386; 
Ber, 1911, 44, 2480) devised for the synthesis of tetrahydrober- 


berine : 
“Non 
\ /OH 
F i 
CH, 
CH CH,O 
HO’ \“ \NH 
HO. A/C, 
CH, 
(XX XIX.) 
From norcanadine the following are obtained by the action of 
sain formaldehyde : 
thesis, 
roduct (a) Canadine, 


dicate! C,,H,,0,N + 3CH,0 =C,,H,,0,N + 20 + H,0. 
Methylation of two phenolic hydroxyls and methylenation of 
Wo more. 
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(8) Berberine, 
C,,H,;0,N + 3CH,O = C.9H,,90;N + 2H,0. 

The seme processes as with canadine, using the oxygen for the 

i conversion of the tetrahydroisoquinoline derivative into a true 

{! alkylisoqainolinivm hydroxide. 


(y) Protopine, 
} C,,H,,0,N + 3CH,0 = C.,H,,0;N + 2H,0. 
f Complete methylenation of norcanadine yields XLI, and the 
action of formaldehyde on this substance may produce protopine 


(XLII) (Perkin, T., 1916, 109, 875). 


Fol O>cH, (‘e cH, 
ar Py, 
CH GH, 


2 


CH CH, 
0% \ “NK 


This is a reaction of a more hypothetical character than any other 
introduced in this communication, but since a ring-scission in this 
direction of tetrahydroberberine methohydroxide has been estab- 
lished by Pyman (T., 1913, 103, 828) and since these results have 
been paralleled in the ¢sotetrahydroberberine series in connexion 
with derivatives of cryptopine (Perkin, /oc. cit., p. 841) there 
appears to be little improbability in the assumption, and the 
details of the process may follow the partial scheme: 


} | 1 { 1 i 
CH CH, CH CH, CH CH, 
ei XZ \“\/emel 
N NH N<a7 
CH, ' CH, 
> 3 CH, G. 
(Are 
' ! ! I tivitr 
CH-OH CH, CO CH, Pie 
\A ee 
| N-CH,-OH NMe in the 
Yi y, ae — 
/ Ihethy 
(5) Cryptopine (Perkin, /oc. cit., p. 831), althou 
C,;H,;0,N + 4CH,O =C,,H,,0,N +. 20 + HO. stance 
This would result from norcanadine by methylation and methy!- derivas 
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enation to form an ¢sotetrahydroberberine, which might yield the 
bese by the further action of formaldehyde as with protopine. 

F. Narcotine and Narceine.—3 :4-Dihydroxyphenylacetaldehyde 
(XXVIII) and the base XXIX are supposed to condense with 
formation of the methylene ether of hydroxy-V-methylnorlaudano- 
sine (XLIIE,, which is converted into narcotine (XLIV) in pre- 
cisely the manner employed above in the case of hydrastine. The 
ring-scission of narcotine with the formation of narceine is similar 
to the production of protopine and cryptopine, except that the 
further methylation of the nitrogen is not accompanied by internal 


oxidation : 
O-CH,°OH 


\/A fon: 
OH, 


cH.<p 


(XLIIL.) 


(XLIV.) 


G. Corydaline.—Notwithstanding the observation of Gadamer 
(Arch. Pharm., 1915, 258, 274) that corydaline loses its optical ac- 
tivity when it is oxidised to didehydrocorydaline, and that therefore 
the two asymmetric carbon atoms should be contiguous, an alteration 
in the accepted formula of the alkaloid cannot be considered. Especi- 
ally is the position of the methyl group clearly proved by the argu- 
ments of Dobbie and Lauder (T., 1902, 81, 154) relating to the 
nethylpyridinetricarboxylic acid obtained by them from corydic acid, 
although a slight modification of the constitution of the latter sub- 
stance would now be made so as to represent it as a true pyridine 
derivative and as a betaine (compare Perkin, loc. cit., p. 836). 
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Corydaline accordingly appears as a methylated norlaudanosine 
with an ethylidene bridge between the nitrogen atom and 
the aromatic nucleus, a structure produced by the _interyep. 
tion of acetaldehyde instead of formaldehyde. Attention may be 
again directed to the possibility that what may be termed the 
hemipinic orientation may result from aldol condensation with the 
hydroaromatic progenitors of these alkaloids, whilst the metahemj. 
pinic orientation is to be expected if the condensations are subse. 
quent to the conversion of the hydroaromatic compounds into 
catechol derivatives by loss of water. 

H. The Conditions affecting the Production of the isoQuinoline 
Bases.—The problem may be put in the form of a question: Why do 


not alkaloids assumed as above to have a common origin always occur : 
together in the plant? Why, for example, does not morphine occur t 
in Hydrastis canadensis? It is reasonable to expect some answer 
to this, but not, in the circumstances, a complete one. In the parti- 
cular case mentioned the scheme shows that the molecule must 
suffer reduction before morphine can be obtained. That there are 
reducing conditions is clear also from the formation of laudanosine. 
On the other hand, the formation of hydrastine and of berberine 
follows such a course that all the oxygen available from the methyla- L 
tions is used internally, and powerful reducing agents would there 
fore appear to be absent during the formation of these bases. This 
would be sufficient to account for the non-production of morphine. Nec 
Among other circumstances that may affect the nature of the end: alip’ 
products are the stereochemical relations of the hydroaromatic sub- nit 
stances, the rapidity with which these lose water with the forme mene 
tion of aromatic compounds, the stage at which W-methylation 195- 
occurs, the concentration of formaldehyde and other reagents, the ane 
presence or absence of enzymes and other catalysts, all of which poun 
are without doubt connected with the needs of the plant itself. Ii By 
these varying conditions are taken into account the objection that hydro 
the simplicity of the schemes proves too much cannot well be sus party 
tained. ; on rec 
Some of the more remarkable coincidences encountered in the duced 
development of the foregoing suggestions may now be noted i Phyg 
summary and conclusion. In the pyrrolidine group hygrue, reduct 
cuschygrine and tropinone are related by their method of forme en 
tion, and by introducing a piperidone ring into hygrine by means high . 
of a reaction entirely similar to that required for sparteine it 8 ‘. the 
seen that ai explanation is provided of the £-position of the pyrral Done 
idine complex in the pyridine nucleus of nicotine. In the piper a 
idine group the methods are homologous with those of the pyrrdl: VoL, 


idine group and the nature of the reduced pyridine derivatives 
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which have been obtained from plants is quite in harmony with 
the origin from lysine. In particular, the a-propyl chain of coniine 
is explicable on the assumption that it represents a reduced acetone 
residue. In the quinuclidine group the bridged rings of sparteine 
and quinine are produced by similar methods, the application of 
which fixes the position of the connecting methylene group of 
sparteine and tne vinyl group of quinine. Substances accompany- 
ing quinine and cinchonine in cinchona-bark have been found to 
b: suitable starting points for a synthesis of the quinoline-half of 
the molecules of these alkaloids. In the isoquinoline group it is 
noteworthy that one and the same hypothetical hydroaromatic 
substance derived in part from a carbohydrate degradation product 
also required for quinine, suffices for the production of the whole 
oe of the bases of the group the constitutions of which have been 
hes ducidated. It is hoped that it will prove possible to employ this 
— theory as a working hypothesis in several directions. 
“a Tue UNIVERSITY, 
oti, LIVERPOOL. 
must 
> are 
ysine. 
erine 
hyle- UXXVI.—Reduction of Aliphatic Nitrites to Amines. 
en By PancHAnaAN Neocr and Tarint CHaran CHowpuvuri. 
hine. 
» end: 


[Received, July 23rd, 1917.] 


Neoct and Chowdhuri have shown (T., 1916, 109, 701) that 
iliphatic nitrites are partly converted into the corresponding 
¢ sub uitrocompounds by the action of heat. The conversion com- 
forma- mences at about 100°, and the best results are obtained at 
“lation 1%5—130°. If, however, the temperature is further raised, 
ts, the weondary reactions take place, and, in addition to nitro-com 


whicd JM pounds, aldehydes and acids are formed. 
a4 By the reduction of aliphatic nitrites in solution, alcohol and 
mn tha 


hydroxylamine or ammonia are obtained, but as the nitrites are 
be su’ Hi partly converted into nitro-compounds on heating, it follows that 
om reducing them at a higher temperature, amines should be pro- 
in the Tl duced in addition to ammonia. Gaudion has shown (Ann. Chim. 
oted in Phys., 1912, [viii], 25, 125) that amines are obtained by the 
yen Hi weduction of aliphatic nitrites with heated, finely divided nickel 
pase T copper. The temperature employed by him, however, was very 
bern high, namely, above 220° in the case of nickel and above 300° 
- oe iu the case of copper, temperatures at which the nitrites decom- 
ie bese, giving secondary products. He therefore obtained a mix- 


5 pyrtol ture of mono-, di-, and tri-alkylamines in the reaction. We have, 
rivative VOL. OXI. NWN 
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however, made experiments at as low a temperature as 100—130°, 
and have been able to show that the corresponding monoalkyl- 
amine alone is obtained, thus conclusively proving that the 
resultant amine is the direct product of reduction of the nitro- 
compound, best formed at 125—130°, as previously shown by us. 

That nitro-compounds are reduced to amines when a mixture 
of hydrogen and the nitro-compounds is passed over heated nickel 
has already been shown by Sabatier and Senderens (Compt. rend., 
1902, 135, 226). 


Ex PERIMENTAL. 


A slow stream of pure hydrogen was passed through a flask 
containing the aliphatic nitrite, and the mixture of hydrogen and 
nitrite vapour then passed into a combustion tube, about 90 em. 
in length, filled with reduced nickel and heated in an asbestos box 
provided with a thermometer. The air was first expelled by the 
current of hydrogen, and then the mixture of the two gases 
allowed to pass into the tube. To the other end of the tube was 
attached a dry test-tube, immersed in cold water and connected ~ 
in its turn with two Erlenmeyer flasks containing dilute hydro 
chloric acid. Liquid products of reduction, such as alcohols and 
part of the liquid amines, collect in the test-tube, whilst the 
vapour of the escaping amines, especially in the case of the lower 
members, and ammonia, are arrested in the hydrochloric acid 
flasks. 

The liquid in the test-tube, which gave the pungent, fishy 
odour of the amines, was neutralised with hydrochloric acid and 
the alcohol distilled off. The alcohol was recognised by its odour 
and identified by determining the boiling point of its acetate. 

The hydrochloride of the amine and ammonia in the Erlen- 
meyer flasks and in the test-tube after distilling off the alcohol 
was evaporated to dryness. The amine hydrochloride was 
separated from ammonium chloride by repeated exhaustion with 
small quantities of absolute alcohol and ether. Besides recog- 
nising the amines by Hofmann’s carbylamine reaction and other 
characteristic tests, they were identified quantitatively by pre 
paring their platinichlorides. Analysis of these showed that 
monoalkyl-, and not di- or tri-alkyl-amines were formed. 

One point is important in the preparation of the amine platini- 
chlorides in the presence of ammonia. It is known that even on 
repeated exhaustion of a mixture of amine hydrochloride and 
ammonium chloride with alcohol and ether, the amine hydro 
chloride is not obtained free from ammonium chloride. On the 
addition of platinic chloride, however, to a moderately dilute 
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solution of the salts, the precipitate which is first produced con- 
tains all the remaining ammonium chloride, together with a little 
amine hydrochloride. If now platinic chloride is added to the 
filtrate and the solution concentrated, if necessary, shining, 
yellow crystals are formed consisting solely of the amine platini- 
chloride. 

The use of reduced nickel in the powder form, as employed by 
Sabatier and Senderens, was not satisfactory. The powder forms 
a layer inside the glass tube, and evidently does not present a 
sufficiently large surface of contact for the action of the gases. 
We therefore prepared nickelised asbestos by first soaking asbestos 
fibre in a concentrated solution of nickel nitrate, then drying, and 
heating it in the blow-pipe in a large nickel basin in order to 
convert the nitrate into the oxide. The glass tube was then filled 
with the asbestos impregnated with nickel oxide, placed in an 
inclined position, and heated at about 300° in a current of 
hydrogen, when the oxide was reduced to metallic nickel. The 
nickelised asbestos, with which a tube can be fully packed, is 
strongly recommended whenever reduced nickel is necessary for 
work with gases, as it presents a very large surface for the react- 
ing gases with the use of a comparatively small quantity of nickel. 
When once prepared, the nickelised asbestos may be used over and 
over again. 

The experiments here described were also repeated with 
reduced iron, but the results were much less satisfactory. 


isoAmylamine from isoAmyl Nitrite. 


The products from six experiments, in each of which 4 c.c. of 
the nitrite were used, were united. The temperature employed 
was 125—130°: 

Amine hydrochloride=1°6 grams 
Ammonium chloride=3'4 _,, 

Analysis of the platinichloride of the amine gave Pt=33°61, 
whereas isoamylamine platinichloride requires Pt=33°39 per cent. 

The acetate of the alcohol was prepared, and identified as ise- 
amyl acetate by its boiling point (137—138°). 


isoButylamine from isoButy! Nitrite. 


Seven experiments were performed at 125—130°, using 4 to 
5 cc. of nitrite in each case: 
Amine hydrochloride=1°9 gvams. 
Ammonium chloride = 3'2 ___,, 
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a 


Analysis of the platinichloride gave Pt=35°23; calc., Pt=35:07 


per cent. 
isoButyl acetate was prepared from the alcohol, and identified 


by its boiling point (116—117°). 


N-Propylamine from n-Propyl Nitrite. 


Six experiments were made at 130°, using the same quantities 

as in the previous experiments: 
Amine hydrochloride=1°3 grams. 
* Ammonium chloride = 2°9 _,, 

Analysis of the platinichloride gave Pt=37°10; cale., Pt=36-93 
per cent. 

The acetate of the alcohol boiled at 102°, showing that the 
alcohol was n-propyl alcohol. 


Ethylamine from Ethyl Nitrite. 


As ethyl nitrite is gaseous at the ordinary temperature, it was 
dissolved in paraffin oil, and a 25 per cent. solution was used. 
As the nitrite is very volatile, even in solution, much escaped with. 


out reduction. 
As a result of six experiments, using 5 c.c. of the solution each 


time, ethylamine hydrochloride (0°62 gram) and ammonium 
chloride (3°2 grams) were obtained. Analysis of the platini- 
chloride gave Pt=39°23; calc., Pt=39°00 per cent. 

Ethyl alcohol was detected by the iodoform, morphine, and 
other tests. 


Methylamine from Methyl Nitrite. 


Methyl nitrite was prepared according to the directions given 
in our previous paper (loc. cit.) and dissolved in paraffin oil. 
Much of the nitrite escaped reduction, owing to its volatility. 
About 0°10 gram of the amine hydrochloride was obtained as the 
result of six experiments. Owing to the low yield of the amine 
salt and to the presence of much ammonium chloride, analysis of 
the small quantity of the platinichloride did not give good results. 

Methyl alcohol was recognised by the formic acid, morphine, 
and other tests. 

CHEMICAL LABORATORY, 


GOVERNMENT COLLEGE, 
RasgsHaut, Bene@at, Inpra. (Received, May 4th, 1917.] 
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LXXVII.—Experiments on the Orientation of 
Substituted Catechol Ethers. 


By THomAs GILBERT Henry Jones and Ropert Rosinson. 


ApPARENT anomalies noted in the course of attempts to prepare 
?-nitrohomoveratrole rendered it necessary to examine the whole 
question of the entry of substituents into the catechol nucleus, and 
as the matters of interest encountered in the prosecution of the 
investigation * are of somewhat divergent character they are sepa- 
rately discussed in the ensuing sections. 


I. Substitution in Veratrole or Catechol Methylene Ether and 
their Derivatives. 


(a) In the preparation of monosubstituted catechol ethers only 
the 4-derivative is obtained. For example, no trace of 3-nitrovera- 
trole is produced in the nitration of veratrole (Cardwell and Robin- 
son, T., 1915, 107, 257), and only the para-compound is obtained 
on bromination (see p. 916). 

(6) Disubstituted catechol ethers are 4 :5-derivatives. 

The constitution of 4:5-dinitroveratrole may be definitely proved 
in several ways, of which the simplest depends on the production 
of the substance from metahemipinic acid by elimination of the 
carboxyl groups. The disubstituted catechol ethers are therefore 
connected with 4:5-dinitroveratrole by transformations and inter- 
conversions as shown below. A number of known substances of 
hitherto undetermined constitution are included, and in all cases 
where two specimens are stated to be identical this was proved by 
direct comparison and by the determination of the melting point 
of a mixture. This technique is also implied in the statement that, 
a product was identified with a known compound. 

There are two well authenticated exceptions to this rule, but the 
circumstances in both cases are somewhat unusual. Gaspari (@az- 
zetta, 1896, 26, ii, 231) nitrated bromoveratrole and obtained a 
substance melting at 125° (I). now shown to be 4-bromo-5-nitro 
veratrole, but, on brominating nitroveratrole in chloroform solution 


* The investigations described in this and four of the five following 
communications were made in the laboratories of the University of Sydney 
during 1914—1915 and were interrupted before they were quite completed, 
but as there is no immediate prospect of the possibility of further work in 
these directions it seems undesirable to delay the publication of the results 
already ascertained. 
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at 100°, Cousin (Ann. Chim. Phys., 1898, [vii], 18, 504) produced 
an isomeride melting at 111—112°. The latter reaction has been 
reexamined and the formation of the isomeride confirmed, although 
in our experience the main product was a nitrophenol, identified 
as 6-bromo-4-nitroguaiacol (Meldola and Streatfeild, T., 1898, 73, 
681; Robertson, T., 1908, 93, 788), which yielded the bromonitro- 
veratrole (m. p. 112°) on methylation. The bromination of 4-nitro- 
veratrcle leads, therefore, to 6-bromo-4-nitroveratrole. In this case 
the reaction proceeds with considerable difficulty at 100°, and yet, 
in view of the tendency to produce 4 :5-derivatives, it must be con- 
ceded that, whatever the mechanism, here is a genuine example of 
direction by the nitro-group. 

A second exception to the rule is found in the synthesis of tetra- 
hydroberberine by Pictet and Gams (Compt. rend., 1911, 155, 386 ; 
Ber., 1911, 44, 2430), an anomalous production of a 3: 4-disubsti- 
tuted veratrole apparently due to a particular arrangement in 
space, relative to the imino-group, of the veratrole nucleus in the 
complicated molecule of which it forms a part. 

(c) In the preparation of 3:4:5-derivatives from a 4:5-disubsti- 
tuted catechol ether the new substituent enters the ortho-position 
with respect to the more negative of the groups occupying the posi- 
tions 4 and 5 unless one of these groups is powerfully ortho-direc- 
tive. The following are examples which occur in the experimental 
part of the paper: 

NO, 
MeO’ NNO, . 
Mev! ’ 


Me0/ NNO, 


—> 


MeV. Br 


VA 


NO NO, 


2 2 
Meo” \CHO . MeO” \CHO MeO” \Br MeO” Br 


MeO Me —- MoO, )B ; MeO, Me —~ — 


It appears to be generally recognised that the orientating effect 
of a positive group such as methoxyl is overwhelmingly greater than 
that of a negative group, such as nitrogyl, and that the influence 
of negative groups is chiefly felt in diminishing the positive un- 
saturation of the molecule and so inhibiting further substitutions 
which owe their occurrence to the reactivity associated with the 
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unsaturation of the nucleus conjugated (compare this vol., p. 964) 
with that of the positive centres. When two identical positive 
groups co-exist in the same molecule and direct substitution to 
different positions, a means is provided for the examination of the 
effect of negative groups on their orientating power. The following 
examples illustrate the weakening effect of a negative group on a 
positive centre situated in the ortho-position, and those which are 
cited above are probably due to a similar effect exerted from the 


para-position. 
CHO 
om, ; Perkin, Roberts, and Robinson 
MeO¢ N02’ “(T., 1914, 105, 2389). 
MeO. 
\4 
NO, 
Mc0/ NNO, (see page 912). 


| 
Mu / 
(XIL.) 


Blanksma (Rec. trav. Chim. 
1907, 27, 49). 


The exceptional behaviour of o-veratric acid on nitration (Cain 
and Simonsen, T., 1914, 105, 159) has already been adequately dis 
cussed by Gibson, Simonsen, and Rau (this vol., p. 73). 


II. The Influence of a Negative Group on a Positive Group 
in the Meta-position. 


Perhaps the most widely known example of this effect is to be 
found in connexion with diazo-coupling with a-naphthylamine and 
a-naphthol and with their sulphonic acids. The arrows show the 
position taken up by the entering azo-group: 

OH OH OH 
AA. are OS ae 


| we 
A/ ww. rn 
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Comparable with this is the behaviour of acetylguaiacol and of 
acetylvanillin on nitration (Pschorr and Sumuleanu, Ber., 1899, 


32, 3405): 
Y 


Meo” Meo’ CHO 


a, pe eee 4 


We have observed another example of the same kind, and find 
that the bromination of 5-nitroguaiacol (see p. 917) produces 
6-bromo-5-nitroguaiacol : 


HO’ \ HO/ NNO, 


[ | 2 
a /— a / 


(IL.) (III.) 


In all these cases an ortho-position is preferred to the para, and 
it would seem that a negative group in the meta-position to the 
directive positive group is responsible for the effect. There is evi- 
dence, too, that it is not merely an ortho-substitution which is 
favoured, but that it is the particular ortho-position situated 
between the positive and negative groups. Thus Kaufler and 


Wenzel (Ber., 1901, 34, 2239) observed that 2-nitro-ptolyl methyl 
ether (II) gave 2:3-dinitro-ptolyl methyl ether (III) on nitration, 
and there are many similar cases which have been recorded. It 
must further be pointed out that a positive group in the ortho- 
position has precisely the opposite effect to the meta-situated nega- 
tive group. An example of this is found above in I (a), or in com- 
paring the nitration of acetylvanillin with that of veratraldehyde. 
In the former case (see above) the nitro-group enters the ortho-posi- 
tion with respect to the methoxy-group, whilst in the latter it 
enters the para-position and 6-nitroveratraldehyde is produced. It 
is possible to translate all observations on orientation and cognate 
problems into the form of expressions which represent the distribu- 
tion of affinity and the nature of the partly dissociated simple or 
conjugated unsaturated systems to which the initial additions 
occur. The more precise presentation of the difficulties which is so 
obtained is to some extent helpful, but especially in connexion 
with the effect of group on group the experimental data cannot yet 
be regarded as sufficient to enable very definite conclusions to be 
drawn. This is perhaps partly due to the circumstance that the 
entry of a pronouncedly negative or positive group affects the state 
of saturation of all the atoms in the molecule, and the difficulty 
N N* 
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resembles that which is met in attempting to trace a relation 
between constitution and physical properties. 


III. The Nitration of Bromopiperonal, 


Oelker (Ber., 1891, 24, 2593) studied this reaction and stated 
that the products were bromonitropiperonal melting at 89° and 
bromodinitropiperonal melting at 172°. These substances are, 
however, bromonitrocatechol methylene ether (1V) and bromodi- 
nitrocatechol methylene ether (V), the aldehydo-group having been 
eliminated. The latter substance on reduction yields 3 :4-diamino- 
catechol methylene ether isolated in the form of a phenanthra- 
phenazine, but, under the same conditions of reduction, the corre. 
sponding veratrole derivative (VI) retains its bromine and yields a 
bromodiaminoveratrole. 


IV. The Action of Nitric Acid on Methylenedioryisatin. 


Herz (Ber., 1905, 38, 2857) prepared methylenedioxyisatin by 
the moderated oxidation with nitric acid of the readily accessible 
dimethylenetetraoxyindigotin, and represented the further action 
of nitric acid as resulting in the formation of an acid (VII), which, 
when heated with aqueous sodium carbonate, lost carbon dioxide 
with the formation of the nitroamine (VIII): 


AN n 
= _ cH. <0) CO,H(CO CO,H) nit 
O \ fe 


NO, 
(VII. ) 
of 
CH;<o| wn 
Vie 
NO, 
(VIIL) 
Thess transformations must, however, be represented in the fol- 
lowing manner, since we have identified the product as 5-nitro-4- 
aminocatechol methylene ether, and find that its production is 
accompanied by that of sodium oxalate. Moreover, Herz points 
out that the analytical data for VII agree with the formula 
C,H,O;N, almost as well as for C,H,O,N,: 


Pca al 
CH.<5) —> CH; ineco. — 
Sol A 00 Sol //NH-C0-CO,H 


/\ 
OHL<ol x 
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V. A Reaction of Piperonylic Acid. 


Mr. J. W. Hogarth discovered in 1914 that a crystalline sub- 
stance melting at 86° is obtained by the action of bromine on a 
solution of piperonylic acid in aqueous sodium carbonate, and the 
further investigation of this compound showed that it is 4:5-di- 
bromocatechol methylene ether (IX), and that it is obtained in 
quantitative amount. 

From the conditions requisite for its formation (see p. 913), 
the conclusion may be drawn that the displacement of the 
carboxyl group is the first reaction, and that the monobromo- 
derivative is then further brominated. In all probability, the 
latter stage is rapid in comparison with the former. This view 
is confirmed by the formation of 6-bromohomoveratrole (see p. 
920) by the application of a similar process to 4:5-dimethoxy- 
otoluic acid, and the reaction is evidently of the same character 
as that by means of which bromostyrene may be obtained from 
cinnamic acid. Such displacements are clearly analogous to sub- 
stitutions and are certainly preceded by addition, whilst the group 
displaced may be removed by hydrolysis, which is facilitated by 
much the same conditions that determine the separation of the 
acetyl group in the preparation of chloroform from acetone. If 
the following formule are compared, it will be seen that there 
are three factors which should render a group *CO-R in a hypo- 
thetical additive product, such as X, readily removable by hydro- 
lysis, namely, the bromine atom in the a-position and the two 
double bonds in the ring. 

Cl,C-|-COMe 
NOU,°CH,;--CO,H 


The formation of dibromocatechol methylene ether may be 
employed as a sensitive test for piperonylic acid, since the colour 
developed in the sulphuric acid solution of the substance by the 
addition of a trace of nitric acid is highly characteristic. It is 

N N* 2 
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also probable that the method will be useful in the investigation 
of acids derived from the alkaloids in degradation experiments, 
and Professor W. H. Perkin has already found such an oppor- 
tunity in connexion with a methylpiperonylic acid obtained from 


cryptopine (T., 1916, 109, 918). 


VI. Phenanthraphenazine Derivatives. 


It has been found to be a general rule that the ethers of 1:2 
dihydroxyphenanthraphenazine are bright yellow and _ exhibit 
green fluorescence in benzene or other neutral solvent, whilst the 
ethers of 2:3-dihydroxyphenanthraphenazine are faintly yellow 
and yield almost colourless solutions with intense violet fluores- 
cence. The latter property can be made the basis of perhaps the 
simplest method of obtaining an indication that a plant product 
is a derivative of veratrole substituted only in the 4- or 4:5- 
positions. A small quantity of the substance is boiled with 40 
per cent. nitric acid in such a manner as to ensure vigorous oxida- 
tion and concentration of the solution; a further quantity of con- 
centrated nitric acid is then added and the boiling continued for 
a few minutes. The mixture is added to water and extracted 
with ether, the extract washed with water and evaporated, and 
the residue, however small, dissolved in a little alcohol, and after 
the addition of two or three drops of hydrochloric acid, reduced 
by zine dust. The filtered solution is mixed with sodium acetate 
and a solution of a few crystals of phenanthraquinone in _ hot 
aqueous sodium hydrogen sulphite, and, after boiling, is extracted 
with benzene. The benzene is clarified by means of calcium 
chloride and filtered, and the fluorescence observed. The reaction 
may be applied with even more certainty to the products obtained 
by oxidation with an alkaline solution of potassium permanganate 
of the substance which is under investigation. Positive results 
were obtained, using about 0°05 gram of papaverine, trimethyl- 
brazilin, eudesmin, and several synthetical compounds which hap- 
pened to be in the laboratory at the time the experiments were 
made. The preparation of 1:2:4-trimethoxyphenanthraphenazine 
and of the isomeric pyrogallol derivative (see p. 928) confirms the 
correctness of the constitution assigned by Blanksma (Proc. K. 
Akad. Wetensch. Amsterdam, 1904, 7, 462) to the dinitrotrimeth- 
oxybenzene (m. p. 152°) which he obtained by the action of 
methyl-alcoholic potassium hydroxide on trinitroveratrole. 


VII. A New Heterocyclic Nucleus. 


On attempting to reduce 4:5-dinitroveratrole to a nitroamine 
by means of hydrogen sulphide and ammonia, an unusual result 
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was obtained, and the product was a sparingly soluble orange- 
yellow, crystalline compound, C,,H)g0,N,S, which on reduction 
furnished a base, C,gH,g0,N,S, having the properties of a deriv- 
ative of veratrylamine (see p. 925). Evidently a nitro-compound 
has been reduced to the corresponding amine. Bearing in mind 
the method of formation of the substance C,,H,,O,N,S, it seems 
that the fragments to be combined are 


n% NoMe 


MeO/ \-N " 
bis OMe’ 


MeO. )-N ° / NO 
a nF 
and it then appears that the formula of the substance must be 
one of the following: 


(im probable) 


There is no evidence which enables a decisive choice to be made 
from the various possibilities, but perhaps XI is preferable as 
being analogous to the constitution now accepted for benzfurazan 
oxide (XII) (Green and Rowe, T., 1913, 103, 897; Forster and 
Barker, ibid., 1918). The whole question of the mode of forma- 
tion and the properties of these substances will be more closely 
investigated when opportunity occurs. In the meantime, the SN;- 
group has been provisionally designated “thiotriazo,”’ and the 
substance XI is described as  6-nitroveratryl]-4 :5-thiotriazo- 
veratrole. 


Ex PERIMENTAL. 
3:4-Dinitroveratrole (XIII). 


3-Nitroveratrole was dissolved in cold nitric acid (D 1°42) and 
the solution allowed to remain during two hours, and then poured 
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into water. The precipitated oil soon solidified, and the sub. 
stance was purified by several crystallisations from methyl alcohol. 
The pale yellow needles melted at 96° with previous softening, 
and although obviously not quite pure, the amount of material 
available was insufficient to enable us to remedy this by a long 
series of fractional crystallisations : 


0°1095 gave 0°1699 CO, and 0:0372 H,O. C=423; H=3°8. 
C,H,O,N, requires C=42°1; H=3'5 per cent. 


The substance is readily soluble in most organic solvents and is 
changed by fuming nitric acid to 3:4:5-trinitroveratrole. Gibson, 
Simonsen, and Rau (this vol., 83) have described as 3: 4-dinitro- 
veratrole a substance melting at 181° which is sparingly soluble 
in alcohol. In the introduction to their communication, these 
authors recognise the improbability that 3:4-dinitroveratrole can 
have so high a melting point, but since the molecular weight of 
the substance was determined they do not reconsider the view 
advanced. When opportunity offers, attempts will be made to 
prepare the dinitro-derivative by a new method, and so clear up 
the question of the melting point. In the meantime, the follow- 
ing experiment proves the constitution of the substance obtained 
as described above. 

The substance (0°5 gram) was dissolved in boiling alcohol 
(10 c.c.), mixed with concentrated hydrochloric acid (5 c.c.), and 
an excess of zinc dust added in one portion. After the stormy 
reaction water was added and the solution filtered, mixed with 
excess of sodium acetate and with a solution of phenanthraquinone 
in hot aqueous sodium hydrogen sulphite to which sodium acetate 
had also been added. The mixture was boiled, and the quin- 
oxaline derivative soon separated in yellow flocks, which were 
collected, dried, and crystallised from alcohol, and so obtained 
in long, yellow needles melting sharply at 175°. Pisovschi (Ber., 
1910, 43, 2137) has previously prepared this 1: 2-dimethoxy- 
phenanthraphenazine, and the product from 3: 4-dinitroveratrole 
agrees in every respect with his description. Like the correspond- 
ing methylenedioxy-derivative (compare p. 927), its benzene solu- 
tion exhibits intense green fluorescence. 


MeO/ \NHAc 


6-Bromoacetoveratrylamide, MeO! 


be 


Acetoveratrylamide was brominated in cold acetic acid solution 
by means of a molecular proportion of bromine. The reaction 
was almost instantaneous, and, after the addition of water, the 


‘Br 
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substance was collected and crystallised from methyl alcohol. 
From a fairly dilute solution a single stellar aggregate of needles, 
some of them 9 cm. long, was obtained. The melting point was 
140°: 

0°1332 gave 0°0912 AgBr. Br=29°1. 

C,>H,;0,NBr requires Br=29°2 per cent. 

This substance was converted into 4:5-dibromoveratrole in the 
following manner. The amide (10 grams) was boiled during ten 
minutes with saturated aqueous hydrobromic acid (25 c.c.), then 
diluted with water (150 c.c.), cooled to —5°, and the amine con- 
tained in the solution diazotised in the usual way. Copper powder 
was then added, and, after remaining overnight, the reaction was 
completed by heating on the steam-bath and the whole extracted 
with ether. The solution was washed with alkali and water, 
dried, and evaporated, and the residual oil gradually crystallised 
on keeping in the ice-chest. It was freed from impurity by con- 
tact with porous porcelain, and, after crystallisation from alcohol, 
was obtained in prisms melting at 92—93° identical with the 
product of bromination of veratrole. 


4:5-Dibromocatechol Methylene Ether (1X). 


This compound is readily obtained by adding bromine water to 
a solution of piperonylic acid in aqueous sodium carbonate until 
no further precipitate is formed. It may be crystallised from 
alcohol, and is so obtained in colourless, glistening leaflets melt- 
ing at 86°, and moderately readily soluble in most organic 
solvents : 


0'1276 gave 0°1703 AgBr. Br=56°8. 

C;H,O,Br, requires Br=57'2 per cent. 

The pale yellow solution in sulphuric acid is changed to crimson 
on the addition of a trace of nitric acid. 

The substance is not formed by treatment of an alkaline solu- 
tion of piperonylic acid with ready-formed hypobromite, or even 
by the bromination of piperonylic acid in acetic acid solution. 
Neither can it be obtained by the addition of bromine water to a 
solution of bromopiperonylic acid in sodium carbonate. Veratric 
acid did not undergo the reaction so readily as piperonylic acid, 
but the result was similar and 4:5-dibromoveratrole was isolated. 
It seems probable that the method will be useful in the investiga- 
tion of carboxylic acids derived from alkaloids and other natural 
products by oxidation. 

4:5-Dibromocatechol (Cousin, loc. cit., 487), which yields 4:5- 
dibromoveratrole on methylation, was converted by methylene 
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iodide and sodium ethoxide in boiling alcoholic solution into 
4:5-dibromocatechol methylene ether melting at 86°, and identical 
with the substance obtained as described above. This compound 
was also produced by the direct bromination of catechol methylene 


ether in acetic acid solution. 


6-Nitroveratrylamine (XIV). 


6-Nitroacetoveratrylamide was boiled with concentrated hydro 
chloric acid until the whole of the yellow needles passed into 
solution. The pale yellow hydrochloride of the base separated on 
cooling, and on the addition of much water was decomposed, yield- 
ing the orange nitroamine. This was collected and crystallised 
from alcohol, from which it separated in deep orange prisms melt- 
ing at 175°: 

0°1304 gave 0°2315 CO, and 0°0600 H,O. C=48'4; H=5'l. 

C,H,,O,N, requires C=48°5; H=5°'0 per cent. 

The substance could be diazotised, and gave a crimson azo- 
compound by coupling with #-naphthol. When the diazonium 
bromide prepared in hydrobromic acid solution was treated with 
copper powder, nitrogen was evolved, and, after completing the 
reaction by gentle heating, the neutral substance formed was 
isolated and identified with 4-bromo-5-nitroveratrole, melting at 
125°. 

Acetyl Derivative—Acetoveratrylamide (10 grams) in acetic 
acid (50 c.c.) was nitrated in the cold by the addition of nitric 
acid (10 c.c., D 1°42) in acetic acid (50 c.c.). The bright yellow 
product of the reaction separated for the most part in the crystal- 
line condition, and, after the addition of water, was collected and 
recrystallised from alcohol, in which the substance is somewhat 
sparingly soluble. It was obtained in long needles melting at 
199°: 

0°1258 gave 0°2326 CO, and 0°0592 H,O. C=50°4; H=5'2. 

C,>H,.0;N, requires C=50°0; H=5-0 per cent. 


5-Nitro-4-acetylaminocatechol Methylene Ether, 


This derivative is obtained in theoretical amount when 4-acetyl- 
aminocatechol methylene ether is nitrated in cold acetic acid solu- 
tion. After the addition of water, the substance was collected 
and crystallised from acetic acid, ¢nd then from ethyl acetate. 
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The bright yellow needles melt at 209°, and the compound is 
sparingly soluble in boiling alcohol : 


0°1247 gave 0°2207 CO, and 0°0419 H,O. C=483; H=3°7. 
C,H,O;N, requires C=48'2; H=3°6 per cent. 


In view of the results of Herz (loc. cit.), which are discussed 
on p. 908, it is interesting to note that this amide is readily 
hydrolysed by alkaline agents and even by a boiling solution of 
sodium carbonate, but the more convenient method is to employ 
hydrochloric acid diluted with half its volume of alcohol. The 
acetyl derivative is finely powdered and treated with the boiling 
mixture until a homogeneous solution is obtained. On the addi- 
tion of water, an orange, crystalline precipitate of pure 5-nitro- 
4-aminocatechol methylene ether separates, and, after crystallisa- 
tion from benzene, the substance melts at 198° and is identical 
with the compound obtained by Herz and also by Mameli 
(Gazzetta, 1909, 39, ii, 172) by the action of alcoholic ammonia 
on 4:5-dinitrocatechol methylene ether. The amine is most easily 
obtained by a modification of Herz’s process, starting with nitro- 
piperonal. The nitroaldehyde (80 grams), dissolved in acetone 
(240 c.c.), was heated on the steam-bath during half an hour with 
aqueous JV-potassium hydroxide (750 c.c.). The paste of the 
indigotin derivative was collected and washed, and gradually 
added with stirring to nitric acid (150 c.c., D 1°42) and water 
(100 c.c.). The oxidation may be induced at first by gentle warm- 
ing, after which the further application of heat is disadvantageous. 
The product was collected and washed with water, and then boiled 
during five minutes with a solution of sodium carbonate (50 
grams) in water (500 c.c.). The nitroamine was precipitated in 
the crystallised condition, and was separated and purified by solu- 
tion in concentrated hydrochloric acid and recovery by dilution 
with water. 5-Nitro4-aminocatechol methylene ether may be 
recovered unchanged after being boiled with acetic anhydride, but 
in the presence of a trace of sulphuric acid the acetylation is 
rapid and the derivative crystallises from the solution. The nitro- 
amine is attacked by hot aqueous sodium hydroxide, and a blood- 
red solution is produced, but the reaction is complex and un- 
accompanied by evolution of ammonia. 
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5 :6-Methylenedioxy-2-methylbenziminazole, 


5-Nitro-4-acetylaminocatechol methylene ether (1 gram) was 
reduced during an hour by heating on the steam-bath with acetic 
acid (25 c.c.), stannous chloride (0°5 gram), and excess of tin. 
After one or two minutes, a tin compound separated from the solu- 
tion in colourless crystals, but this gradually disappeared, and at 
the end of the operation the liquid had a pale yellow colour. 
Water and sodium hydroxide sufficient to redissolve the precipi- 
tate were added, and the solution was twice extracted with ether. 
The combined extracts were dried with potassium carbonate and 
evaporated, and the crystalline residue purified by several re 
crystallisations from benzene. The colourless, transparent leaflets 
so obtained appear to contain solvent of crystallisation, and 
became opaque on exposure to the air. The substance was dried 
at 100°: 

0°1113 gave 0°2490 CO, and 0°0463 H,O. C=61:0; H=4°6. 

C,H,O,N, requires C=61°3; H=4'5 per cent. 

This base is sparingly soluble in ether, benzene, or light 
petroleum, but dissolves freely in methyl alcohol and also to some 
extent in hot water, from which it crystallises in needles. It melts 
at 226—227° after sintering at 223°. The hydrochloride is readily 
soluble in water, but may be precipitated in needles by saturation 
of the solution with salt. The hydrogen oxalate is sparingly 
soluble and crystallises from water in characteristic, satiny plates. 
The picrate crystallises from methyl alcohol in canary-yellow 
clusters of long needles. It is sparingly soluble and carbonises 
between 230° and 250° without sudden decomposition. 


4-Bromo-5 :6-dinitroveratrole (V1). 


A quantitative yield of 4-bromo-5-nitroveratrole is obtained by 
the nitration of bromoveratrole in acetic acid solution (compare 
Gaspari, Joc. cit.), and on fractionally crystallising the product it 
was found to be perfectly homogeneous, and consequently the 
bromoveratrole is also homogeneous and contains no 3-bromo- 
veratrole. 4-Bromo-5-nitroveratrole may also be obtained by the 
action of nitric acid (D 1°42) on that bromoveratric acid which 
results from the hydrolysis of brominated methyl veratrate or from 
the oxidation of bromoveratraldehyde. Gaspari (/oc. cit.) obtained 
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the dinitro-derivative by the action of fuming nitric acid on 
promoveratrole, but from the point of view of yield it is better 
to isolate the bromomononitroveratrole and submit this substance 
to the action of cold fuming nitric acid (D 1°52). In this way, the 
amount obtained approximates closely to that demanded by 
theory. The constitution of this substance is proved by its con- 
version into a bromodimethoxyphenanthraphenazine, as described 
on p. 928. 
6-Bromo-5-nitroguaiacol, Meo” . 
“a 
Br 
5-Nitroguaiacol (5 grams) dissolved in acetic acid (50 c.c.) was 
brominated by the gradual addition of bromine (5 grams) dis 
solved in acetic acid (20 c.c.). After half an hour, the mixture 
was diluted with water, and the solid collected and recrystallised 
from aqueous alcohol. The substance is obtained in pale yellow 
needles, which become prisms if allowed to remain in contact with 
the solvent, and in-either crystalline condition melts at 150°: 
0°1364 (0°1206) gave 0°1032 (0°0913) AgBr. Br=32°2 (32°2). 
C;H,O,NBr requires Br=32°3 per cent. 
The substance is readily soluble in aqueous sodium carbonate 
to a red solution. 
6-Bromo-5-nitroveratrole, MeO) : 
4 a 2 
Be 
The foregoing bromonitroguaiacol was methylated by shaking 
its warm solution in aqueous sodium hydroxide with methyl 
sulphate. The pale yellow substance was collected and crystal- 
lised from alcohol. The slender needles melted at 81—82°, and 
when mixed with specimens of 5:4- and 6:4-bromonitroveratroles 
the melting point was depressed : 
01175 gave 0°0840 AgBr. Br=30°4. 
C,H,O,NBr requires Br=30°5 per cent. 
This substance is rather readily soluble in organic solvents, and 
dissolves in sulpkuric acid to a bright red solution, from which it 
may be recovered unchanged on the addition of water 


Bromination of 4-Nitroveratrole. Formation of 6-Bromo-4- 
nitroguaiacol and of 6-Bromo-4-nitroveratrole. 


4-Nitroveratrole (10 grams), chloroform (20 c.c.), and bromine 
(9 grams) were heated together during forty-eight hours in a 
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sealed tube placed in boiling water. After the reaction, ether 
was added and the solution shaken with concentrated aqueous 
sodium hydroxide. The precipitated sodium salt was collected, 
washed with ether, dissolved in water, and acidified with hydro- 
chloric acid. The separated nitrophenol was collected and crystal- 
lised from alcohol and again from benzene, and obtained in pale 
yellow, glistening needles, which melted at 150—152° with some 
decomposition, and was identified with 6-bromo-4-nitroguaiacol, 
which Meldola end Streatfeild (/oc. cit.) obtained by the bromina- 
tion of 4-nitroguaiacol, and which was also prepared by Robertson 
(loc. cit.) by nitrating o-bromoguaiacol. The melting points 
assigned to the substance by these authors are respectively 142° 
and 148°. 

The ethereal solution from the separation of the sodium salt 
was well washed with water, dried, and evaporated. The residue 
was fractionally crystallised at first from methyl alcohol and later 
from ethyl alcohol, and separated into unchanged nitroveratrole 
and a small proportion of the more sparingly soluble 6-bromo4- 
nitroveratrole, which crystallised in slender needles melting at 
112—113°. 

The substance is more readily obtained by methylating 6-bromo- 
4-nitroguaiacol by means of methyl sulphate in the usual manner. 


4-Bromo-5-nitrocatechol Methylene Ether (IV). 


This substance has been prepared by Oertly and Pictet (Ber., 
1910, 48, 1336) by the action of nitric acid on bromopiperonylic 
acid, and an identical compound is obtained by the nitration of 
an acetic acid solution of bromocatechol methylene ether pro- 
duced in its turn by the bromination of catechol methylene ether 
dissolved in acetic acid by means of bromine vapour (from 12 
mols. of bromine) diluted with air. 

Another method of preparation depends on the displacement of 
the amino-group of 5-nitro-4-aminocatechol methylene ether by 
bromine by means of the diazo-reaction. The amine was dissolved 
in concentrated aqueous hydrobromic acid and diazotised by the 
addition of sodium nitrite, until a clear solution was obtained 
on treating a test portion with water. The solution was diluted, 
treated with copper powder, and allowed to remain overnight, and 
then extracted with ether. The bromonitrocatechol methylene 
ether which passed into the ether was obtained by evaporation of 
the solvent and crystallisation of the residue from alcohol. The 
pale yellow needles melted at 89°, and the substance was identical 
with the compounds obtained by the other methods here 
described 
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The most convenient process for the production of this substance 
js, however, the nitration of bromopiperonal. 

‘The reaction proceeds in acetie acid solution, but it is better to 
add the aldehyde (15 grams) gradually to nitric acid (100 c.c., 
D 1°42) during an hour with careful cooling. The product partly 
erystallises from the solution, and, after the addition of water, 
may be collected and crystallised from alcohol. The yield of pure 
bromonitrocatechol methylene ether melting at 89°, and quite 
identical with the substance obtained as described above, is very 
good, and there can be no doubt that this is the substance which 
Oelker (/oc. cit.) recorded as a bromonitropiperonal. The follow- 
ing analyses were made of this nitration product of bromo- 
piperonal : 

0°1312 gave 0°1657 CO, and 0°0237 H,O. C=34'4; H=2°0. 

01306 ,, 0°0983 AgBr. Br=32'1. 

C-H,O,NBr requires C=34'2; H=1°6; Br=32°5 per cent. 


4-Bromo-5 :6-dinitrocatechol Methylene Ether. 


This derivative may be obtained directly from bromopiperonal 
or, better, from bromonitrocatechol methylene ether by dissolving 
either in an excess of cold nitric acid (D 1°52). The sparingly 
soluble substance crystallises from ethyl alcohol in pale yellow, 
prismatic needles melting at 172°, which is the melting point 
assigned by Oelker (Joc. cit.) to his supposed bromodinitro- 
piperonal : 

0°1437 gave 0°1534 CO, and 0°0153 H,O. C=29'1; H=1°2. 

01527 ,, 00982 AgBr. Br=27°4. 

C,;H,0,N.Br requires C=28°9; H=1:0; Br=27°5 per cent. 


6-Bromo-5-nitrohomoveratrole (XV). 


Bromine (7 c.c.) dissolved in acetic acid (50 c.c.) was added to 
a mixture of homoveratrole (20 grams) and acetic acid (10 c.c.). 
Rise of temperature was checked during the addition, and the 
halogen was rapidly absorbed and the product isolated in the 
usual manner. 6-Bromohomoveratrole is an oil with a pleasant 
aromatic odour, and boils at 267°: 

0°1422 gave 0°1153 AgBr. Br=34°5. 

C,H,,0,Br requires Br=34'6 per cent. 


Attempts were made to bring this substance into reaction with 
magnesium in order to facilitate the synthesis of m-hemipinic acid, 
but without success. 

The bromo-derivative (20 grams) in acetic anhydride (40 c.c.) 
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was cooled in ice water, and a previously prepared, well-cooled 
mixture of nitric acid (15 cc, D 1°42) and acetic anhydride 
(40 c.c.) gradually added. After half an hour, the reaction mix- 
ture was poured into water and the precipitated oil washed with 
several changes of dilute aqueous sodium hydroxide. The oil soon 
solidified, and was collected and crystallised from methyl alcohol, 
from which it separated in long, pale yellow needles melting at 
121°: 

0°1520 gave 0°1029 AgBr. Br=28°8. 

C,H,,O,NBr requires Br=29°0 per cent. 

The constitution of this substance is deduced in the following 
manner. Bromohomoveratrole is oxidised by warm alkaline 
potassium permanganate solution to 6-bromoveratric acid, which, 
however, was not identified as such, but was converted by nitric 
acid into 4-bromo-5-nitroveratrole. The bromination product of 
homoveratrole is therefore 6-bromohomoveratrole, and the nitro- 
group in the derivative must occupy either the position 5 or 2. 
That the substance is not an o-nitrotoluene is shown by the fact 
that it does not contain an activated methyl group, and, for ex- 
ample, will not condense with cotarnine in alcoholic solution in 
the presence of sodium ethoxide. In connexion with another 
investigation, one of us has recently prepared 2-nitrohomoveratrole, 
and this may be converted into an anhydrocotarnine derivative. 
Moreover, since the introduction of halogens usually increases the 
facility with which such condensations are effected, it seems that 
the bromonitrohomoveratrole must have the constitution here 
assigned to it. The formation of this substance was utilised in 
order to show that the action of bromine on a solution of 4:5-di- 
methoxy-o-toluic acid (Perkin and Weizmann, T., 1906, 99, 1651) 
in aqueous sodium carbonate leads to the quantitative formation 
of 6-bromohomoveratrole. The authors are greatly indebted to 
Professor W. H. Perkin for the provision of a specimen of the 
acid in question. 


NO, 


AN 
6-Bromo-2-nitroveratraldehyde, aad gaa ? 


\7 


6-Bromoveratraldehyde was nitrated by slowly adding the 
powdered substance to ten times its weight of nitric acid (D 1°42), 
checking undue rise of temperature by cooling in water, and, when 
the solid had passed into solution, the mixture was allowed to 
remain during half an hour and then poured into water. The 
precipitate was collected and dissolved as far as ‘possible in a 


ticu 
abou 
spar 
nitr 
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solution of sodium hydrogen sulphite. The residue was crystal- 
lised from alcohol, and the pale yellow needles were identified as 
4-bromo-5-nitroveratrole, melting at 124°. The amount of this 
substance which was obtained was relatively small. The hydrogen 
sulphite solution was decomposed by the addition of sodium 
carbonate, and the precipitated aldehyde collected and crystallised 
from alcohol. The very pale yellow needles melted at 109°: 

0°1259 gave 0°0809 AgBr. Br=27'3. 

C,H,O;NBr requires Br=27°6 per cent. 

The constitution of this substance is demonstrated by the forma- 

tion of the indigotin derivative described in the next section. 


4 alia :7:6': 7'-tetramethoxyindigotin, 
rs 


, Noo CO’ 
NHOC:C< ya! 
wal , 


MeO 
OMe 


The bromonitroveratraldehyde (4 grams) was dissolved in 
acetone (30 c.c.) and aqueous potassium hydroxide (5 c.c. of 10 
per cent.) added. After a minute, the mixture was diluted with 
water (100 c.c.) and boiled during five minutes. The precipitated 
indigotin was collected and washed with hot alcohol, dried, and 
crystallised from nitrobenzene: 

01281 gave 0°0890 AgBr. Br=29°6. 

Cy,H,,O,N,Br. requires Br=29°6 per cent. 

The substance is obtained in slender needles which have a par- 
ticularly brilliant coppery lustre, and do not melt at 360°, but at 
about this temperature begin to carbonise. It is extremely 
sparingly soluble in solvents, and its dilute solutions in boiling 
nitrobenzene and aniline are pure blue. 

The purple solution in sulphuric acid quickly becomes blue. 


5-Bromoveratraldehyde. 


This substance has been previously prepared by Dakin (Amer. 
Chem. J., 1909, 42, 494) by the methylation of 5-bromovanillin 
with methyl sulphate and potassium hydroxide, and also by 
Pschorr, Selle, Koch, Stoof, and Treidel (Annalen, 1912, 391, 31) 
by a similar process applied to the product of bromination of 
protocatechualdehyde, but these authors give no details of the 
process employed. Our experiences in this connexion indicate a 
precaution which it is desirable to take in methylating phenolic 
aldehydes. 
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Vanillin was brominated in acetic acid by means of rather 
more than a molecular proportion of bromine, and the bromo. 
aldehyde was then methylated by methyl sulphate and potassium 
hydroxide in alcoholic solution. The operation was not entirely 
satisfactory owing to the readiness with which the aldehyde under- 
goes the Cannizzaro reaction, and no more than a 50 per cent. 
yield could be obtained. The conditions were similar to those 
which gave good results in the preparation of veratraldehyde 
(Perkin and Robinson, T., 1907, 91, 1079), but for the reason 
mentioned the solution should never be allowed to become very 
strongly alkaline. On the addition of water, an oil separated, and 
usually slowly crystallised when the mixture was kept in a cold 
place. Occasionally, however, the oil could not be solidified, and 
was dissolved in ether and the aldehyde extracted by a solution 
of sodium hydrogen sulphite, from which it was regenerated as a 
readily crystallising oil by the addition of sodium carbonate. The 
substance was collected and dried and crystallised from light 
petroleum, from which it separated in felted needles melting 
at 62°. 

On acidifying the alkaline solution from which the aldehyde was 
originally separated, a crystalline precipitate was obtained, and 
this was identified as 5-bromoveratric acid. The substance crystal- 
lised from water in needles melting at 191°, and the silver salt 
was prepared. (Found: Ag=29°2. Cale.: Ag=29°4 per cent.) 
The ethereal solution from which the aldehyde had been extracted 
by repeated washing with sodium hydrogen sulphite was dried 
and evaporated, and a yellow oil remained; this could not be 
crystallised, but was readily converted into a solid nitro-deriv- 
ative by the action of nitric acid in acetic acid solution in 
the cold. The substance crystallised from alcohol in pale yellow, 
slender, brittle needles melting at 115°. This substance does not 
show the properties of a nitrobenzyl alcohol, and is unchanged 
after treatment with acetyl chloride or with benzoyl chloride in 
the presence of pyridine. On oxidation with potassium perman- 
ganate in alkaline solution, it yields the bromonitroveratric acid 
which is mentioned in the next section. It may be synthesised in 
the following manner. 5-Bromoveratraldehyde dissolved in a little 
alcohol was added to a concentrated solution of potassium hydr- 
oxide, and the mixture well shaken from time to time during three 
days. The bromohomoveratryl alcohol was extracted with ether, 
and any unchanged aldehyde removed by shaking the solution 
with aqueous sodium hydrogen sulphite. The extract was then 
dried and evaporated and the residue warmed with concentrated 
aqueous hydrobromic acid. On the addition of water, a crystal- 
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line substance was obtained, which was collected and thoroughly 
dried and then added to a solution of sodium methoxide in abso- 
lute methyl alcohol. Sodium bromide separated, and after gently 
warming on the steam-bath during fifteen minutes the addition of 
water precipitated an oil, which was isolated and nitrated, and so 
converted into the substance which is under discussion This 
result demonstrates that the nitroderivative is 6-bromo-5-nitro-4- 
methoxymethylveratrole. Not only has the aldehyde been con- 
verted by the action of the alkali into the corresponding alcohol, 
but the latter has been transformed into its methyl ether by the 
action of the methyl sulphate. 


5-Bromoveratraldoxime.—This derivative, obtained in the usual 
manner, crystallises from alcohol in needles melting at 85°. 


5-Bromo-6-nitroveratraldehyde; 3-Bromo-4 :5-dinitroveratrole, 
Meo/ \cHO | Me0/ \NO, 

in 

Br 


| 


MeO NO, ’ a ; 
r 


5-Bromoveratraldehyde was dissolved by very gently heating in 
ten times its weight of nitric acid (D 1°42), and the mixture 
allowed to remain overnight, when a considerable proportion of 
the nitro-derivative was found to have crystallised from the solu- 
tion. Water was added, and the substance collected and crystal- 
lised from alcohol. There was no evidence of the formation of 
substances other than the nitro-aldehyde, and the colourless needles 
melted at 138°: 

0°1310 gave 0°0850 AgBr. Br=27°6. 

C,H,O;NBr requires Br=27°6 per cent. 

The constitution of the substance was proved by oxidation to 
the corresponding acid and the transformation of this into a 
bromodinitroveratrole, which could .be reduced to 4:5-diamino- 
veratrole. The aldehyde was finely powdered and suspended in 
\-potassium hydroxide, and then oxidised by potassium perman- 
ganate at 100° during half an hour. The permanganate was 
added gradually and so that there was always a moderate excess 
of the reagent. The oxidation of the aldehyde was found not to 
proceed in a satisfactory manner unless the solution was strongly 
alkaline, and this appears to be a general rule for such nitro- 
aldehydes, no doubt because the conversion to alcohol and acid 
assists the process. After the operation, the excess of oxidising 
agent was decomposed by alcohol and the yellow filtered solution 
acidified with hydrochloric acid. The colourless precipitate was 
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collected, and consisted of 5-bromo-6-nitroveratric acid, which is 
sparingly soluble in water and may be crystallised from dilute 
acetic acid, being obtained in colourless bunches of needles melt- 
ing at 207°. 

This acid, in view of its method of preparation, must be remark- 
ably resistant towards potassium permanganate. It crystallised 
unchanged from nitric acid (D 1:4), but when boiled with an excess 
of fuming nitric acid (D 1°52) was transformed into 3-bromo-4:5- 
dinitroveratrole by elimination of the carboxyl group. The pro- 
duct was washed with dilute aqueous potassium hydroxide and 
crystallised from alcohol, being obtained in pale yellow needles 
melting at 121°: 

0°1149 gave 0°0712 AgBr. Br=26°4. 

C,H,O,N.Br requires Br=26°1 per cent. 

This substance was also obtained by the action of fuming nitric 
acid on 6-bromo-5-nitroveratrole. Vigorous reduction removed the 
bromine atom, and in order to ensure the completion of the reac- 
tion the following method was used. The bromodinitroveratrole 
(1 gram), dissolved in hot alcohol (30 c.c.), was mixed with hydro- 
chloric acid (5 c.c.) and zine dust (10 grams) added in one portion. 
The stormy reaction over, water was added, and the mixture boiled 
during four hours. The solution was filtered, mixed with an 
excess of sodium acetate and with a solution of phenanthra- 
quinone (1°5 grams) in aqueous sodium hydrogen sulphite, and 
heated to boiling. The precipitated phenazine derivative was 
crystallised from acetic acid and then thrice from xylene, and 
obtained in slender, yellow needles melting at 260°, which were 
identified with 2: 3-dimethoxyphenanthraphenazine (Moureu, 
Compt. rend., 1896, 123, 33). 


7: 7'-Dibromo-5 : 6:5! : 6/-tetramethoxyindigotin, 


Meo” NO S¢: o<00- 0-/ NoMe 
MeO, NH. /)oMe 


Br Br 


This substance was obtained from 5-bromo-6-nitroveratraldehyde 
by the employment of a method precisely identical with that 
described above for an isomeride. The indigotin derivative was 
produced in good yield, and was crystallised from nitrobenzene, 
in which, as in all other solvents, it is very sparingly soluble, and 
obtained in deep blue needles which have a bronze glance, but 
not a particularly striking one. The substance does not melt or 
appear to decompose at 360°: 
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01463 gave 0°1022 AgBr. Br=29°7. 
C.)H,,0,N,Br requires Br=29°6 per cent. 
The solution in sulphuric acid is intense royal-blue and does not 
change on keeping. 


6-NitroveratrylA :5-thiotriazoveratrole (XI). 


4:5-Dinitroveratrole (9 grams) was dissolved in hot alcohol 
(300 ¢.c.), mixed with aqueous ammonia (50 c.c., D 0°88), and the 
liquid rapidly saturated with hydrogen sulphide. In a few 
minutes a crystalline precipitate separated, and was collected and 
crystallised by adding alcohol to its solution in nitrobenzene, and 
then several times from xylene: 

01174 gave 0°2122 CO, and 0°0433 H,O. C=49°3; H=4'1. 

01260 ,, 154 cc. N, at 19° and 763mm. N=14°4., 

01243 ,, 0°0712 BaSO,. S=7°9. 
CysH,gO,N,S requires C=49°0; H=4:1; N=14°3; S=8:2 per cent. 

The orange, lanceolate prisms melt at 219°, and this substance is 
very sparingly soluble in most organic solvents. It dissolves in 
sulphuric acid to a Bordeaux-red solution, and on the addition of 
water is precipitated unchanged ; in this and other respects it fails 
to exhibit any basic properties. 


6-A minoveratryl-4 : 5-thiotriazoveratrole. 


The nitro-derivative (10 grams), mixed with hydrochloric acid 
(50 cc.) and acetic acid (10 c.c.), was heated on the steam-bath 
with an excess of granulated tin until all the orange compound 
had entered into reaction and its place was taken by a colourless, 
crystalline precipitate of the hydrochloride of the new base. Since 
the separation of this salt appeared to be quantitative, it was col- 
lected, dissolved in water, and decomposed by the addition of 
potassium hydroxide. The base was several times recrystallised 
from alcohol and from toluene, and obtained in characteristic 
stellar aggregates of colourless leaflets with a satiny appearance, 
melting at 114°: 

0°1165 gave 0°2272 CO, and 0°0558 H,O. C=53'2; H=5°3. 

01317 ,, 174 ec. N, at 16° and 762 mm. N=15’7. 

01490 ,, 01006 BaSO, S=9-2. 

C\gH,,0,N,8 requires C=53°0; H=5-0; N=15°5; S=8°9 per cent. 

The pure substance dissolves in sulphuric acid to a colourless 
solution, but the crude material contains an impurity which 
develops a rose colour under these conditions, and this becomes 
deep blue, and finally violet, on the addition of water. The salts 
of the base are rather sparingly soluble, and the hydrochloride 
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crystallises from hot water in slender, colourless needles, and on 
the addition of ferric chloride to its dilute aqueous solution, a 
splendid deep blue coloration slowly appears. This reaction is 
characteristic of many veratrylamine derivatives, and is the result 
of oxidation, which in the case of homoveratrylamine was shown 
(Luff, Perkin, and Robinson, T., 1910, 97, 1137) to lead to the 
production of a pquinone by elimination of the amino- and 
methoxy-groups. There was evidence that the reaction proceeded 
in a similar direction in the present instance, but the quinone 
could not be isolated in a pure condition. 

The base is diazotisable, and the azo-8-naphthol derivative is 
intense crimson and was obtained in part in a colloidal condition, 
so that even a filtered solution appeared to have violet fluorescence, 
due, however, to suspended particles. The acetyl derivative of 
the base could not be obtained in a crystalline condition. It is 
produced on warming the amine with acetic anhydride, and, after 
the addition of water, a clear solution is obtained from which the 
acetylamino-compound is precipitated only by the addition of 
alkali. It is not diazotisable and gives no colour with ferric 
chloride, so that, the acetylation being complete, it is evident that 
basic function can in some circumstances be exercised by the 
heterocyclic nucleus contained in these curious substances. 


5(or 6)-Vitro-6(or 5)-amino-1 :2:4-trimethoxybenzene, 
2 NO, 
Meo” No, : MeO’ \NH, . 
Bo Ni Meo Ame 
The behaviour of dinitroveratrole on reduction with ammonia 

and hydrogen sulphide induced us to investigate other cases of a 
similar character, and having in our possession a specimen of 
5 :6-dinitro-1 :2:4-trimethoxybenzene (Blanksma, Chem. Weekblad, 
1912, 9, 440), we applied the reaction to this substance and 
obtained as sole product a nitroamine. A mixture of 5:6-dinitro- 
1:2:4-trimethoxybenzene (7 grams), ethyl alcohol (100 c.c.), and 
aqueous ammonia (80 c.c., D 0°88) was saturated in the cold with 
hydrogen sulphide and then boiled under reflux during half an 
hour. The liquid was diluted with water and allowed to remain 
in the ice-chest, when long yellow needles gradually separated, and 
were collected and crystallised from water and then from a mix- 
ture of benzene and light petroleum (b. p. 50—60°). The sub- 
stance crystallises in bright orange-yellow needles or in well- 
defined orange prisms melting at 118°: 
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071146 gave 0°1986 CO, and 0°0538 H,O. C=47'3; H=5°2. 
C,H,,.0;N. requires C=47'4; H=5'2 per cent. 

The melting point of this substance was quite sharp and the 
appearance of the crystals did not vary, so that it seems that only 
one of the two possible nitroamines was actually obtained. The 
base dissolves in concentrated hydrochloric acid, but a pale yellow 
hydrochloride soon separates in prisms. On the addition of water 
the salt is decomposed and the orange base precipitated, and on 
the further addition of a solution of sodium nitrite a clear yellow 
solution of a diazonium salt is produced. The latter gives with 
excess of sodium acetate and f-naphthol a scarlet azo-compound 
dissolving in sulphuric acid to an intense blue solution, which 
becomes crimson on the addition of water. 


1 : 2-Methylenedioxy phenanthraphenazine, 
CHi,O N 
C,H 
b-L\N A 


ANG, 


4-Bromo-5 : 6-dinitrocatechol methylene ether (4 grams) and tin 
(5 grams) were mixed with a solution of stannous chloride (10 
grams) in concentrated hydrochloric acid (15 c.c.) and acetic acid 
(10 c.c.), and shaken in a bottle at the ordinary temperature until 
the solid nitro-compound had disappeared. The solution was 
diluted and the tin eliminated as sulphide, and, after boiling the 
filtered liquid, excess of sodium acetate and then a solution of 
phenanthraquinone (3 grams) in hot aqueous sodium hydrogen 
sulphite was added. The mixture was boiled during three minutes, 
and the yellow precipitate was collected, washed with boiling 
water, and dried. It was then dissolved in boiling acetic acid and 
the solution distilled until crystallisation commenced ; the material 
so obtained had a bronze lustre in mass, but under the microscope 
was seen to consist of transparent, yellow, elongated, rectangular 
prisms. For analysis, the substance was recrystallised from 
toluene and obtained as a copper-bronze powder consisting of leaf- 
shaped crystals. _ It melts at 307—309° and is very sparingly 
soluble in most organic solvents: 

0°1282 gave 0°3648 CO, and 0°0448 H,O. C=77°6; H=3°9. 

C,,H,,0,N, requires C=77'7; H=3°7 per cent. 

The substance dissolves in sulphuric acid to a rose-red solution, 
but is especially characterised by the intense green fluorescence 
exhibited by its yellow solutions in neutral organic solvents. The 
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isomeric 2:3-methylenedioxyphenanthraphenazine gives very pale 
yellow solutions which exhibit violet fluorescence. 


4-Bromo-1 : 2-dimethoxyphenanthraphenazine, 
OMe N 0,H, 
Meo’ \/\/*" 


He 
Bre N No, 


4-Bromo-5 :6-dinitroveratrole was treated exactly as described 
for the methylenedioxy-derivative in the last section, but the pre. 
cipitated phenazine was in this case crystallised from xylene. 
Bright yellow clusters of needles melting at 206—208° were 
obtained, and the same substance was produced by the bromination 
of 1:2-dimethoxyphenanthraphenazine in acetic acid solution and 
suspension : 

0°1083 gave 0°0493 AgBr. Br=19°4. 

C,.H,,O,.N,Br requires Br=19°1 per cent. 

The solution in sulphuric acid is reddish-purple, and in benzene 

or alcohol yellow with weak green fluorescence. 


2: oe 
OMe N 
Meo /\/)" 


A, Ab 


The nitro-aniline (0°5 gram), obtained as described above by the 
reduction of 5:6-dinitro-1 :2:4-trimethoxybenzene, was dissolved in 
hot alcohol (10 c.c.), mixed with concentrated hydrochloric acid 
(3 c.c.), and zine dust added until the solution was quite colour- 
less. After diluting with water, the filtered liquid was saturated 
with sodium acetate and mixed with a solution of phenanthra- 
quinone (1 gram) in aqueous sodium hydrogen sulphite. The 
mixture was boiled during five minutes, and the precipitated phen- 
azine derivative was then collected and crystallised from alcohol, 
from which it separated in bright yellow, felted needles melting 
at 186°: 

0°0992 gave 0°2729 CO, and 0°0449 H,O. C=75:0; H=5°0. 

C.3H,,O,N, requires C=74°6; H=4°9 per cent. 

The substance is sparingly soluble and its dilute solutions do 
not exhibit visible fluorescence. The solution in sulphuric acid 
is magenta, and becomes brownish-green on dilution with water. 
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1:2:3:-Trimethozyphenanthraphenazine, 
OMe N 


4 S2Noun, 


CoH, 


MeO 


Dinitropyrogallol trimethyl ether (Will, Ber., 1888, 21, 612) 
was converted into a phenanthraphenazine derivative by reduction 
with zine and hydrochloric acid in alcoholic solution, followed by 
condensation with phenanthraquinone, dissolved in sodium 
hydrogen sulphite solution, in the presence of excess of sodium 
acetate. The substance was crystallised from acetone: and 
obtained in pale yellow needles melting at 180°: 


01133 gave 0°3110 CO, and 0°0487 H,O. C=74'8; H=4'8. 
C,,H,,0,N,. requires C=74°6; H=4°9 per cent. 


The solution in sulphuric acid is intense reddish-purple, and 
on the addition of water becomes reddish-brown. Much water 
precipitates a red substance, and the solution becomes colourless. 
Dilute solutions in benzene or alcohol are non-fluorescent. The 
substance is quite distinct from the 1 :2:4-trimethoxyphenanthra- 
phenazine described above. 


UNIVERSITY OF SYDNEY. [Received, September 4th, 1917.] 


LXXVIII.—The Scission of Certain Substituted Cyclic 
Catechol Ethers. 


By GertRuDE Mavup Rosinson and Rosert Rosinson. 


Ir was observed (G. M. Robinson, this vol., p. 113) that, on 
attempting to produce an azoxy-derivative from 4-nitrocatechol 
methylene ether (4-nitromethylenedioxybenzene) (I) by the action 
of sodium methoxide in methyl-alcoholic solution, the sole product 
was a nitrophenol, although the corresponding reaction with nitro- 
veratrole proceeds smoothly in the normal manner. On further 
investigation, the nitrophenol was readily identified as 5-nitro- 
guaiacol (II), and the process appeared at first sight to be one of 
reduction. However, an alternative view suggested itself, namely, 
that the methoxy-group was derived from the methyl alcohol used 
as solvent, and this was proved to be the case, since, when ethyl 
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alcohol was used, a quantitative yield of 5-nitro-2-ethoxyphenol 
(III) was obtained. 


The mechanism of the reaction is therefore to be represented in 
the following manner: 


no,“ SoH 


10,“ 
NO )°SoH, + RONa —> OR 


A 4 ad 


Blanksma (Chem. Weekblad, 1909, 6, 313) has demonstrated 
the reversible interchange of alkyloxyl groups in nitro-, and 
especially dinitro-, phenol ethers, and, for example, 2 :4-dinitro- 
anisole is changed in ethyl-alcoholic solution in the presence of 
traces of alkali into 2:4-dinitrophenetole; but in the majority of 
instances mononitrophenol ethers are unchanged under these con- 
ditions. In the case of nitrocatechol methylene ether, the greater 
reactivity may be due to the influence of the oxygen atom in the 
meta-position with respect to the nitro-group on the distribution 
of affinity, and this is confirmed by the observation that we find it 
impossible to realise a similar reaction in the case of nitroethylene 
dioxybenzene (IV), in which substance the oxygen atom is one 
atom further removed from the point of attack. Cardwell and 
Robinson (T., 1915, 107, 255) showed that 5-nitroguaiacol is 
obtained by the hydrolysis of nitroveratrole with hydrobromic 
acid, and that its acetyl derivative results when acetylguaiacol is 
nitrated. Similarly, the hydrolysis of nitrocatechol diethyl ether 
with hydrobromic acid is now found to yield 5-nitro-2-ethoxy- 
phenol, and the benzoyl derivative (V) of this substance is obtained 
by the nitration of 2-benzoyloxyphenetole. 


+ CH,O + NaOH. 


NO, 

CH,-0/ \NO, B20’ NO, CH,-07 NNO, 

ines wee a ha it: 
(IV). ; (V.) (VL) 


= 


In order to examine the scission of the ethylenedioxy-ring, we 
submitted 4:5:6-trinitroethylenedioxybenzene (VI) to the action 
of ammonia. It was quickly changed to a mixture of 3 :5-dinitro- 
2:4-diamino-8-hydroxyethoxybenzene (VII) and 4:5-dinitro-6- 
aminoethylenedioxybenzene (VIII). The benzoyl derivative (IX) 
of the former substance exists in two highly characteristic chromo- 
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isomeric modifications, which are described in the experimental 
portion on p. 938. 


HO-CH,-CH,"O\ / NO 
(VIL) 


NH, 
BO CH CRC / 
(IX). 

The substance VII is rapidly and quantitatively hydrolysed by 
hot aqueous alkali hydroxides, with the production of two mole- 
cules of ammonia and the phenol X, which was transformed into 
the well-known dinitrodiaminoanisole (XI), as shown below. 

NO, NO, 
NO’ NOH #8 HO NOH MessOq 
HO-CH,CHyO\ /NO, ~~ HOL NOx Ko 
(X.) 


NO, 
MeO’ \OMe wu, NH, » 


MeO. JNO: -> MeO 


In view of the close analogy which exists between the hydroxyl 
of the carboxyl group and the hydroxy] of opdinitrophenols, it is 
interesting to note that the substance X shows no tendency to 
form an internal anhydride. It would be fair to conclude from 
this that lactone-formation in some way involves the whole carb- 
oxyl group, and not merely the acidic hydroxyl of that group. In 
the nitrophenols it is the whole conjugated system extending from 
the nitro-group to the hydroxyl that corresponds with the carbonyl 
in the acids, and the steric conditions favourable to lactone- 
formation are accordingly not necessarily present in the dinitro- 
phenol (X). 

The constitution of the dinitroamine VIII was proved by 
eliminating the amino-group, when 4:5-dinitroethylenedioxy- 
benzene was obtained. The nitro-groups in positions 4 and 5 in 
trinitroveratrole have previously been shown to be displaceable 
under certain conditions, but this is the first example of the dis- 
placement of the 6-nitro-group in a trinitrocatechol ether. We 
are inclined to assign the result to the unexplained influence which 
a tused ring has on the a-position in rendering atoms and groups 

VOI, OXI, oOo 
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attached at this point more liable to substitution and displace. 
ment. Naphthalene, for example, yields a-nitronaphthalene on 
nitration, and the reactivity of groups in the 1-, 4-, 5-, or 8-posi- 
tions in substituted anthraquinones may also be cited. 


ExPERIMENTAL. 
Preparation of 4-Nitrocatechol Methylene Ether. 


Salway has shown (T., 1908, 95, 1163) that the nitration of 
piperonal yields nitrocatechol methylene ether in addition to 
nitropiperonal, and when the former substance is the object of 
preparation, the nitroaldehyde may be converted, as described in 
the foregoing communication, into 5-nitro-4-aminocatechol 
methylene ether (compare p. 915), from which the amino-group 
may be eliminated in the usual manner. 5-Nitro-4-aminocatechol 
methylene ether (9 grams) was mixed with alcohol (150 cc), 
sulphuric acid (15 c.c.), and powdered sodium nitrite (5 grams), 
and the solution boiled during five minutes, after which a further 
quantity of sodium nitrite (4 grams) was added and the heating 
continued for five minutes longer. The crystalline precipitate 
obtained after the addition of water was collected and dried, and 
weighed 8 grams. After crystallisation from alcohol the substance 
melted at 147°, and at the same temperature, when mixed with a 
specimen of 4-nitrocatechol methylene ether obtained by the nitra- 
tion of piperonal. 


Formation of 5-Nitroguaiacol by the Interaction of Nitrocatechol 
Methylene Ether and Sodium Methozide. 


Nitrocatechol methylene ether (1°1 grams) was heated on the 
steam-bath with a solution of sodium methoxide (from 3 grams of 
sodium and 40 grams of methyl alcohol) until the red sodium salt 
of the nitrophenol crystallised from the solution. This requires 
from one to three minutes. After cooling, the salt was separated, 
washed with ether, dissolved in water, and the solution acidified 
with hydrochloric acid. The yellow precipitate was collected 
(10 gram when dry) and recrystallised from water, when it was 
obtained in needles melting at 105°, and at the same temperature 
when mixed with 5-nitroguaiacol. 


5-Nitro-2-ethoryphenol (III). 


An almost quantitative yield of this substance was produced 
when nitrocatechol methylene ether was treated in ethyl-alcoholic 
solution with sodium ethoxide under precisely the same conditions 
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as are described above for the corresponding reaction with sodium 
methoxide. In this case no salt separated from the solution, but 
the reaction was as rapid as in the former example. The sub- 
stance is more sparingly soluble in water and alcohols than is 
jnitroguaiacol, and separates from methyl alcohol containing a 
little water in pale yellow, well-defined prisms melting at 
113—114°: 

0'1478 gave 0°2854 CO, and 0°0671 H,O. C=52'7; H=5°0. 

C,H,O,N requires C=52°5; H=4'9 per cent. 

The substance dissolves in sodium carbonate solution, and the 
orange-red colour produced can scarcely be distinguished from 
that of a similar solution of 5-nitroguaiacol. In view of the fact 
that 4-nitroguaiacol dissolves in sodium carbonate to a yellow 
solution, this behaviour indicates the constitution of the sub- 
stance, and the matter is placed beyond doubt by the preparation 
of 5-nitro-2-ethoxyphenol by the two following methods, which in 
the corresponding methoxy-series lead to 5-nitroguaiacol. 

(A) 2-Ethoxyphenol was benzoylated by an application of the 
Schotten-Baumann reaction, and the dry benzoyl derivative dis- 
solved in an excess of cold nitric acid (D 1°42). Undue rise of 
temperature was checked, and, after ten minutes, the clear solu- 
tion was added to water and the precipitated oil induced to solidify 
by the usual methods. The solid was collected and crystallised 
from methyl alcohol, when it was obtained in felted masses 
of slender, colourless needles melting at 101—102°: 

01108 gave 4°7 c.c. Ng at 18° and 762 mm. N=5-0. 

C,;H,;0;N requires N=4°9 per cent. 

5-Nitro-2-ethoxyphenyl benzoate was dissolved in boiling ethyl 
alcohol and hydrolysed by the addition of a solution of three times 
its weight of potassium hydroxide dissolved in water. After heat- 
ing on the steam-bath during three minutes, it was found that a 
sample was completely soluble in water. Excess of alcohol was 
removed, the residue dissolved in water, just acidified with hydro- 
thlorie acid, and then treated with sufficient aqueous sodium 
carbonate to restore a faint orange colour to the liquid. Under 
these conditions, the benzoic acid remained in solution and the 
uitrophenol was precipitated. It was collected, crystallised from 
aqueous methyl alcohol, and melted at 112—114°, and at the same 
temperature when mixed with some of the substance prepared 
from nitrocatechol methylene ether. 

(B) 4-Nitrocatechol diethyl ether * (20 grams) was heated on 


* 4:5-Dinitrocatechol diethyl ether, C,yH,,0,N., does not appear to have 
een previously prepared. It was obtained in quantitative yield by 
dissolving the mononitro-derivative in nitric acid (D 1:42). In about half an 


002 
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the steam-bath during three hours with a saturated solution (80 
grams) of hydrobromic acid in acetic acid. After the addition of 
water, the solution was rendered alkaline by the addition of 
sodium hydroxide, and the unchanged substance removed by filtra- 
tion (3 grams). The filtrate was acidified and the precipitated 
mixture of nitrophenols collected (14 grams). After several 
crystallisations from aqueous methyl alcohol, 8 grams of pure 
5-nitro-2-ethoxyphenol melting at 112—-114° were obtained. The 
melting point was not depressed by admixture with a specimen of 
the substance obtained by the method (A) described above. The 
alcoholic mother liquors were added to the aqueous solution from 
which the crude phenol was separated, and the whole was extracted 
with ether. The recovered mixed nitrophenols were converted 
into benzoyl derivatives by treatment with benzoyl chloride and 
sodium hydroxide in aqueous solution, and the mixture of the 
benzoates was then fractionally crystallised from methyl alcohol. 
The most sparingly soluble substance crystallised in slender needles, 
and was recrystallised from acetic acid. It melted at 156°, and 
was identified as the dibenzoyl derivative of nitrocatechol. The 
substance was also obtained in the following manner: o-Phenylene 
benzoate (13 grams) was added to cold nitric acid (50 c.c., D 1°42), 
when the benzoate became an oil which was well mixed with the 


acid. After remaining overnight, the nitration was completed and 


hour the dinitro-derivative began to separate from the solution, which was 
gently warmed to ensure the completion of the reaction. Water was added 
and the solid collected and crystallised from alcohol, from which it separated 
in characteristic citron-yellow, micaceous flakes melting at 113° and rather 
sparingly soluble in alcohol. It is quantitatively converted by nitric acid in 
sulphuric acid solution to the 4:5:6-trinitrocatechol diethyl ether which 
Blanksma (Rec. trav. chim., 1905, 24, 40) has obtained by the nitration cf 
4: 6-dinitrocatechol diethyl ether. The substance melted at 122° and was 
converted by alcoholic ammonia into 3 : 5-dinitro-2 : 4-diaminophenetole, 
crystallising from nitrobenzene in hematite-like plates melting at 257° 
(Nietzki; Annalen, 1882, 215, 153, and Blanksma, loc. cit., give 245°). 

0°4951 distilled with 10 per cent. aqueous potassium hydroxide evolved 
NH,, which neutralised 40°8 c.c. N/10-HCl, whereas this amount ofa substance, 
C,H,,O;N,, yielding 2NH, requires 40°9 c.c. 

4:5-Dinitrocatechol diethyl ether dissolved in hot aqueous alcoholi¢ 
hydrochloric acid was reduced by the addition of zinc dust. The colourless 
solution was mixed with sodium acetate and filtered. The filtrate was then 
heated with a solution of phenanthraquinone in hot sodium hydrogen 
sulphite solution and a voluminous pale yellow precipitate of the phenazine 
derivative was quickly formed. The substance was collected and crystallised 
from xylene. 2: 3-Diethoryphenanthraphenazine, C,H, 0O,N,, crystallises in 
pale fiesh-coloured needles which change on keeping in contact with the 
solvent into rectangular plates melting at 230°. It dissolves in sulphurit 
acid to a bright magenta solution, yellow on dilution with water, and im 
benzene to a pale yellow solution which exhibits intense violet fluorescence. 
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the derivative had solidified. Water was added, and the substance 
collected and crystallised from acetic acid and acetone. The sub- 
stance melted at 156°, and at the same temperature when mixed 
with the product obtained as above: 

02091 gave 6°4 c.c. N, at 17° and 756 mm. N=3°6. 

Cs9H,,0,N requires N=3'9 per cent. 

After the separation of the relatively small quantity of the 
dibenzoate, a substance crystallised in colourless prisms which is 
undoubtedly the benzoyl derivative of 4-nitro-2-ethoxyphenol. It 
could not be obtained in a pure condition, and always melted over 
a considerable range of temperature. A few crystals were 
mechanically separated, and it was noted that on hydrolysis a 
nitrophenol was obtained which gave a pure yellow solution in 
aqueous alkali, whereas nitrocatechol gives a blood-red and 
jnitro-2-ethoxyphenol an orange-red solution. From the mother 
liquors, considerable quantities of the benzoyl derivative of 5-nitro- 
2ethoxyphenol melting at 101° were obtained. 


4:5:6-Trinitroethylenedioxybenzene (V1). 


The ethylene ether of nitrocatechol is less readily nitrated than 
the corresponding dimethyl or diethyl ethers, and it was found 


desirable to operate under the following conditions, which are more 
convenient than those employed by Ghosh (T., 1915, 107, 1591) 
for the same purpose: 

4Nitroethylenedioxybenzene (10 grams) was dissolved in nitric 
acid (100 grams, D 1°5), and, after remaining overnight at the 
ordinary temperature, water was added and the precipitate 
collected and crystallised from alcohol. The substance was 
obtained in prismatic needles melting at 132—133°, and was 
occasionally also obtained in leaflets melting at the same tempera- 
ture. It separated from acetic acid in plates. The substance is 
readily reduced to a diamine which gives a red coloration with 
ferric chloride and condenses with phenanthraquinone to the 
sparingly soluble 2:3-ethylenedioryphenanthraphenazine, 

Cx2H},O2Nz, 

which crystallises from acetic acid in clusters of slender, yellow 
needies melting at 239—240°. The colour reaction in sulphuric 
acid and the fluorescence in benzene are indistinguishable from 
those exhibited by 2 :3-dimethoxyphenanthraphenazine. 
4:5-Dinitroethylenedioxybenzene (22 grams) was finely powdered 
and dissolved as far as possible in sulphuric acid (100 c.c.), and 
gradually nitrated by the addition, with cooling, of nitric acid 
(20 c.c., D 1-5) in sulphuric acid (20 c.c.). The dinitro-compound 


936 ROBINSON AND ROBINSON: THE SOCISSION OF 


passed into solution and the trinitro-derivative crystallised out, 
The mixture was poured into water, and the colourless solid col- 
lected and crystallised from alcohol. The substance was sparingly 
soluble, and separated in laminze melting at 155—156°, as stated 
by Ghosh (loc. cit.). From concentrated solutions it was obtained 
in prismatic needles : 

0°1169 gave 0°1509 CO, and 0°0141 H,O. C=35'2; H=1°4. 

C,H,O;N, requires C=35°4; H=1°8 per cent. 

Each stage in the nitration of ethylenedioxybenzene proceeds in 

a quantitative manner. 


3 :5-Dinitro-2 : 4-diamino-B-hydrozyethorybenzene (VII). 


This substance is obtained by the action of ammonia on trinitro- 
ethylenedioxybenzene, but when the reaction was carried out in 
ethyl-alcoholic solution it was found that the percentage of carbon 
obtained on analysis was consistently about 1 per cent. too high, 
and the amount of ammonia obtained on hydrolysis with aqueous 
potassium hydroxide was also greater than the theoretical. This 
indicated that a diamino-derivative of similar constitution and 
properties, but of smaller molecular weight, contaminated the pro 
duct, and eventually proof was obtained that the impurity was 
dinitrodiaminophenetole. The production of this substance clearly 
showed that the trinitroethylenedioxybenzene, under the influence 
of the alcoholic ammonia, was converted in part into trinitro 
catechol diethyl ether, and accordingly the use of alcohol asa 
solvent was avoided. The following conditions were ultimately 
adopted: Trinitroethylenedioxybenzene (12 grams) was dissolved 
in pyridine (50 grams) and heated on the steam-bath under reflux 
with aqueous ammonia (50 c.c., D 0°880). In a short time the 
product of the reaction separated in red needles, and a further 
quantity of ammonia solution (50 c.c.) was then added and the 
heating continued for half an hour. After cooling and adding 
water, the orange-red solid was collected, and when dry weighed 
9°5 grams. This material is a mixture containing about 75 per 
cent. of dinitrodiaminohydroxyethoxybenzene and about 25 per 
cent. of a dinitroaminoethylenedioxybenzene. The two sub 
stances may be approximately separated by crystallisation from 
xylene, in which the former is the more sparingly soluble. The 
further purification of the second crop of crystals is described 
below, but the intense red crystals which separate first can be 
obtained in a pure condition by two recrystallisations from nitro 
benzene. It is perhaps better to extract the crude product with 
hot xylene insufficient to dissolve the whole, and then to crystal 
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lise the residue from nitrobenzene. The substance occurs in deep 
red needles melting at 240°: 

0°1543 gave 0°2127 CO, and 0°0583 H,O. C=37'6; H=4°2. 

0:0978 ,, 182 c.c. Ng at 24° and 750 mm. N=21'1. 

C.H,O,N, requires C=37'°2; H=3°9; N=21°7 per cent. 
0°3977 distilled with 50 c.c. of 10 per cent. aqueous potassium 
hydroxide evolved NH, which neutralised 31:0 cc. W/10-HCl, 
whereas this amount of a substance, C,H,,O,N,, yielding 2NHsz, 
requires 30°8 c.c. 

This substance resembles in its behaviour the similarly consti- 
tuted dinitrodiaminophenetole. It is quite devoid of basic 
character and is very sparingly soluble in organic solvents. When 
its solution in sulphuric acid is treated with sodium nitrite, a 
reaction of unexplained character oecurs, and on the addition of 
water there is produced a transient, intense purple coloration. 
This quickly disappears, and the yellow solution contains traces 
of some diazo-salt, as indicated by coupling with “R-salt,” but 
the major part of the substance has undergone decomposition. 


3 :5-Dinitro-2 :4-diamino-B-benzoyloryethoxrybenzene (IX). 


It was noticed that the amino-groups of dinitrodiaminoanisole 
and the corresponding phenetole derivative cannot be benzoylated 
by the action of pyridine and benzoy] chloride on these substances. 
Recourse was therefore had to this reaction in order to prove the 
presence of a hydroxyl group in the substance described in the 
last section. The dinitrodiaminohydroxyethoxybenzene (4 grams) 
was dissolved in pyridine (30 ¢.c.) and benzoyl chloride (15 c.c.). 
A certain amount of heat was developed, and, when the reaction 
had subsided, ether was added and the red precipitate collected 
and washed with water. It was dried in the air and then crystal- 
lised from ethyl acetate, in which it is sparingly soluble: 

0°1526 gave 0°2800 CO, and 0°0560 H,O. C=50°0; H=4'1. 

C,;H,,0,N, requires C=49°7; H=3°9 per cent. 

0°3827 distilled with aqueous potassium hydroxide evolved NH;, 
which neutralised 21°5 c.c. W/10-HCl, whereas this amount of a 
substance, C,;H,,0,N,, yielding 2NHg, requires 21°2 c.c. 

On acidifying the alkaline solution from this experiment, 
benzoic acid and 3 : 5-dinitro-2 : 4-dihydroxy-6-hydroxyethoxy- 
benzene (X) were obtained as a crystalline precipitate. The latter 
substance was identified after removal of the benzoic acid by 
tepeated evaporations of the solution in water. 

This benzoyl derivative is dimorphous and occurs in two distinct 
chromoisomeric modifications. Both forms melt at 180—181° 
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alone or mixed. The crimson form crystallises readily from most 
solvents, and may be easily obtained by crystallisation from xylene 
or by the addition of ether, alcohol, or light petroleum to a solu- 
tion of the substance in pyridine. It occurs in crimson plates 
with parallel edges. The orange-yellow modification is character- 
ised by its sparing solubility in ethyl acetate, and is the first to 
erystallise from this solvent. It is obtained by heating the red 
form or a mixture of the two to near the melting point, and then 
extracting the material with ethyl acetate. It crystallises from 
this solvent in needles. The change from red to yellow on heating 
also occurs slowly at temperatures above 100°, but nothing in the 
nature of a transition point could be determined. Recrystallisa- 
tion of either form from nitrobenzene resulted in crimson leaflets 
containing solvent of crystallisation. 


3 :5-Dinitro-2 :4-dihydroxry-B-hydroxyethorybenzene (X). 


This substance was readily obtained by boiling dinitrodiamino- 
B-hydroxyethoxybenzene with a 10 per cent. solution of potassium 
hydroxide until all the ammonia was evolved. The reaction was 
complete in a few minutes, and the orange solution was acidified 
with hydrochloric acid. Bronze-yellow needles separated on cool- 
ing, and the substance was purified by recrystallisation from dilute 
hydrochloric acid. It is readily soluble in water or alcohol, less 
readily so in dilute hydrochloric acid, and it has powerful dyeing 
properties. The substance forms well-defined, brittle needles 
which darken at 160° and melt and decompose at 170°: 

0°1379 gave 0°1884 CO, and 0°0395 H,O. C=37'3; H=372. 

C,H,O,N, requires C=36°9; H=3:1 per cent. 

This compound shows no tendency to change by loss of water to 
a lactone-like ethylenedioxy-derivative. Its constitution was proved 
in the following manner: The glycol residue was removed by boil- 
ing several hours with an excess of concentrated hydrobromic acid, 
and the resulting phenol converted into its trimethyl ether by 
means of methyl sulphate and potassium carbonate in boiling nitro 
benzene solution. This substance was then heated at 100° in a 
sealed tube with concentrated aqueous ammonia, and the resulting 
red precipitate crystallised from nitrobenzene. The red plates 
were identified as consisting of 3 :5-dinitro-2:4-diaminoanisole, and 
melted at 255°, and at the same temperature when mixed with a 
specimen of the substance obtained from trinitroveratrole. 
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4 :5-Dinitro-6-aminoethylenediorybenzene (VIII). 


This by-product of the preparation of dinitrodiaminohydroxy- 
ethoxybenzene from trinitroethylenedioxybenzene is separated in 
an impure form by extracting the crude product with xylene as 
already described. It may be freed from its congener by taking 
advantage of the ready attack of the latter by warm aqueous 
potassium hydroxide. The crude crystals obtained from xylene 
were carefully warmed with a 5 per cent. solution of potassium 
hydroxide until the precipitate had a pure yellow colour. The 
substance was then collected, washed with water, and several times 
crystallised from ethyl acetate, from which it separated in orange- 
yellow, rhombic prisms melting at 202°: 

0'1133 gave 0°1676 CO, and 0°0340 H,O. C=40°2; H=3°3. 

C,H,O,N, requires C=39°8; H=2°9 per cent. 


The substance is sparingly soluble in most solvents and has weak 
basic character. On boiling with aqueous potassium hydroxide, it 
is slowly attacked, yielding a cherry-red solution. The base is 
diazotisable in dilute hydrochloric acid suspension, and the 
diazonium salt couples with 8-naphthol to a crimson azo-compound’ 
When trinitroethylenedioxybenzene is reduced in alcoholic hydro- 


chloric acid with zinc dust, a colourless solution is obtained which 
gives an intense green coloration with ferric chloride. The sub- 
stance now under consideration shows the same behaviour. On 
boiling with alcoholic sulphuric acid and powdered sodium nitrite, 
the amino-group was easily removed, and, after the addition of 
water, pearly leaflets separated and were collected. The substance 
was recrystallised from alcohol, and melted at 132—133° alone or 
mixed with a specimen of 4:5-dinitroethylenedioxybenzene. Since 
the constitution of the latter substance is known by inference only, 
the material obtained from the above experiment was hydrolysed 
by heating with concentrated aqueous hydrobromic acid, and the 
dinitrocatechol so obtained methylated in the usual manner and 
the product identified with 4 :5-dinitroveratrole. 

Acetyl Derivative-—The dinitroamine could be recrystallised 
from acetic anhydride, but on the addition of a trace of sulphuric 
acid the amino-group was acetylated, and the derivative was col- 
lected after decomposition of the excess of acetic anhydride by 
means of dilute hydrochloric acid. The substance was recrystal- 
lised from alcohol, in which it is sparingly soluble, and obtained 
in hexagonal prisms melting at 257°. The substance appears 
colourless when first prepared, but the compact crystals have a 
pale yellow colour. 

0 o* 
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The similarly constituted 4 :5-dinitro-3-acetylaminoveratrole has 
recently been prepared by Gibson, Simonsen, and Rau (this vol., 
p. 78), who find that it dissolves in aqueous potassium hydroxide 
to a yellow solution which on acidification gives a precipitate of 
the unchanged substance. This ethylene ether shows the same 
characteristic behaviour. 


University OF LIVERPOOL. (Received, September 4th, 1917.] 


LXXLX.—5-Bromoguaiacol and some Derivatives. 


By Evven Marcaret Hinpmarss, Isapet Knicut, and 
Rosert RoBinson. 


In the course of the investigation described in the preceding com- 
munication it was found that 5-nitroguaiacol yielded on bromina- 
tion an ortho- and not, as would have been anticipated, a para- 
bromophenol, and it was therefore desired to prepare other 
guaiacol derivatives substituted in the 5-position in order to 
examine their behaviour on bromination. 

Cardwell and Robinson (T., 1915, 107, 255) have already shown 
that the methoxy-group of acetylguaiacol has a far greater 
orientating effect than the acetoxy-group, and accordingly the 
bromination of acyl derivatives of guaiacol leads to the correspond- 
ing derivatives of 5-bromoguaiacol (I). This phenol behaves 
normally on further bromination and yields 4:5-dibromo 
guaiacol (IT). 


MeO’ \Br MeO0/ \NO, McO0/ NNO, 


>, | 
HO. Bs HO, / H,N\ NH, 
No No 


(II.) (IIL) (IV.) 


Br 


A mononitro-derivative of the bromoguaiacol could not be 
isolated, and the constitution of the substance is indicated by the 
fact that the reaction with nitric acid leads to bromodinitro- 
guaiacol (III), and proved by the conversion of the methyl] ether 
of the latter by alcoholic ammonia into 3: 5-dinitro-2: 4-diamino- 
anisole (IV). The methyl ether of III has a curiously lethargic 
bromine atom, and the action of methyl-alcoholic potassium hydr- 
oxide on the substance results in the production of a mixture of 
potassium bromide with more potassium nitrite and of a mixture 
of nitrophenol ethers. 
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Ex PERIMENTAL. 
5-Bromoguaiacol (1). 


The acetyl or carbonyl derivative described below (30 grams) 
was dissolved in alcohol (100 c.c.), mixed with sodium hydroxide 
(50 grams), dissolved in a little water, and the liquid boiled under 
reflux during thirty minutes. The major part of the alcohol was 
removed by distillation, the residue acidified with hydrochloric 
acid, and the phenol, dissolved in ether, was finally purified by 
distillation in a vacuum. The fraction boiling at 150°/20 mm. 
constituted nearly the whole of the product, and solidified on cool- 
ing. The substance is readily soluble in most organic solvents, 
but may be crystallised from light petroleum, and is obtained in 
colourless prisms often of considerable size, melting at 65°: 

01107 gave 0°1016 AgBr. Br=39'1. 

C,H,0,Br requires Br=39°4 per cent. 

This phenol is soluble in aqueous sodium carbonate solution, and 
gives a bluish-green coloration with ferric chloride in alcoholic 
solution. Its constitution follows from the conversion of the 
methyl ether of its dinitro-derivative into a known dinitrodiamino- 
anisole. 

Acetyl Derivative (5-Bromo-2-methoryphenyl Acetate).— 
2-Methoxyphenyl acetate was readily brominated in chloroform 
solution by the addition of a molecular proportion of bromine dis- 
solved in the same solvent. The solution was washed with water, 
dried with calcium chloride, and distilled, finally in a vacuum. A 
large fraction boiled at 164—165°/22 mm., and solidified com- 
pletely on cooling; considerable further quantities of this fraction 
may be obtained by redistillation of the mixed fractions of lower 
and higher boiling point. The substance is readily soluble in 
alcohol or similar organic solvents, and crystallises from light 
petroleum in leaflets melting at 62—63°: 

01439 gave 0°1053 AgBr. Br=32'6. 

C,H,O,Br requires Br=32°7 per cent. 
5-Bromo-2-methoxyphenyl Carbonate—This_ derivative was 
obtained by the addition of bromine (25 grams) dissolved in 
chloroform (50 c¢.c.) to a solution of 2-methoxyphenyl carbonate 
(20 grams) (so-called guaiacol carbonate) in chloroform (50 c.c.) 
The bromination occurred with extreme rapidity, and the product 
of the reaction separated in crystals. It was collected and re- 
crystallised from chloroform, and obtained in colourless needles 
melting at 179—180°. This sparingly soluble substance is dis- 

tinguished by a remarkable power of crystallisation : 
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0°1246 gave 0°1081 AgBr. Br=36°9. 

C,;H,,0;Br, requires Br=37°0 per cent. 
Since ‘guaiacol carbonate’ is a commercial product and the 
yield of the bromo-derivative is approximately theoretical, it is 
better to prepare 5-bromoguaiacol through the carbonate than 
through the acetate. 


4:5-Dibromoguaiacol (11). 


5-Bromoguaiacol dissolved in a little cold acetic acid was gradu- 
ally treated with a molecular proportion of bromine dissolved in 
the same solvent. A certain amount of the product crystallised 
from the solution, and the remainder was precipitated on the 
addition of water. The solid was collected and crystallised from 
aqueous methyl alcohol, and obtained in slender, colourless needles 
melting at 95°: 

0°1184 gave 0°1565 AgBr. Br=56°2. 

C;H,0,.Br, requires Br=56°7 per cent. 

The substance* is freely soluble in an aqueous solution of 
sodium carbonate, and its alcoholic solution becomes intense ivy- 
green on the addition of ferric chloride. On methylation with 
methyl sulphate and potassium hydroxide in the usual manner, 
4:5-dibromoveratrole was obtained. The substance was identical 
with the product of the direct bromination of veratrole, but the 
melting point of 92° was obtained after one crystallisation from 
alcohol, whereas the substance as usually prepared requires many 
crystallisations to enable it to reach am equal degree of purity, and 
is evidently contaminated by an isomeride. 


5-Bromo-4 : 6-dinitroguaiacol (ITI). 


After several unsatisfactory trials, the following method was 
found to result in a high yield of product. 

Nitric acid (2°5 c.c., D 1°42) mixed with an equal volume of 
acetic acid was added drop by drop to a solution of 5-brome 
guaiacol (2 grams) in carbon tetrachloride (15 c.c.). The mixture 
was vigorously shaken during the addition of the acid and the 
dinitro-derivative separated from the solution, and, after the addi- 
tion of water, was collected and crystallised from aqueous alcohol. 


* This compound is possibly identical with the dibromoguaiacol (m. P. 
94—95°) which Cousin (Ann. Chim. Phys., 1903, [vii], 29, 63) obtained by the 
direct bromination of guaiacol in chloroform solution, although a priori it 
would have been anticipated that the bromination of the substance would 
result in 4 : 6-dibromoguaiacol. 
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The well-defined, rhombic prisms melt and decompose at 
182—184°: 
0°1372 gave 0°0874 AgBr. Br=27'1. 
C,H;O,N,Br requires Br=27°3 per cent. 
This substance is almost colourless, but dissolves in water and 
alcohol to bright yellow solutions. Its sodium salt is somewhat 
sparingly soluble, and crystallises from water in orange-yellow 


needles. 


fs 
5-Bromo-4 : 6-dinitroveratrole, oa ne? ; 


a 
No, 


Like most dinitrophenols, the foregoing substance cannot be 
methylated in aqueous or alcoholic solution, and the following 
method was adopted with excellent results. 

Bromodinitroguaiacol (15 grams) mixed with potassium 
carbonate (50 grams), nitrobenzene (75 c.c.), and methyl sulphate 
(30 grams) was heated in an oil-bath at the boiling point of the 
solvent during thirty minutes. The nitrobenzene was removed by 
distillation in a current of steam, and the residual oil easily 
solidified on cooling. The solid was collected and crystallised 
from methyl alcohol, and obtained in colourless needles melting at 
102—103° : 

01266 gave 0°0780 AgBr. Br=26°2. 

C,H,O,N,Br requires Br=26°1 per cent. 

In view of the reactivity of trinitroveratrole towards ammonia 
and amines, it is surprising that this substance reacts sluggishly 
even with boiling aqueousalcoholic ammonia, a reagent which 
rapidly and quantitatively attacks the trinitrocompound, with 
formation of dinitrodiaminoanisole. When, however, the bromo- 
derivative was heated in a sealed tube at 100° during seven days 
with a large excess of a mixture of one volume of methyl alcohol 
with two volumes of concentrated aqueous ammonia, a slow con- 
version into the characteristic red crystals of dinitrodiamino- 
anisole was observed. The product was collected and washed with 
boiling aleohol in order to remove unchanged material, and then 
crystallised from nitrobenzene. The flat prisms, hematite-red 
with blue shimmer, melted at 255°, and were identified with 
3:5-dinitro-2 :4-diaminoanisole * (Nietzki and Kurtenacker, Ber., 

* This substance is readily accessible from trinitroveratrole (Blanksma, 
loc. cit.), and serves to illustrate the effect of catalysts in the process of 
acetylation. It may be crystallised unchanged from acetic anhydride, and 
the solution in the hot solvent is intensely coloured. On the addition of 
& trace of sulphuric acid, the colour disappears and the colourless acetyl 
derivative erystallises from the solution. 
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1892, 25, 282, who give m. p. 250°, and Blanksma, Proc. K. Akad. 
Wetensch. Amsterdam, 1904, 7, 462, who gives m. p. 247°). 


NO, 


AN 
3 :5-Dinitro-2 :4-dimethylaminoanisole, RHMe |NHMe ; 
MeO /, 


It was thought that the action of amines on the bromodinitro- 
veratrole might be more rapid than was the corresponding reac- 
tion with ammonia, but this was not markedly the case. The 
action of methylamine was similar to that of ammonia, and an 
identical process was employed. The methylamino-derivative was 
crystallised from alcohol, and obtained in clusters of slender, 
brownish-red needles melting at 158—159°: 

0°1214 gave 0°1893 CO, and 0°0533 H,O. C=42°5; H=4°9. 

C,H,,0;N, requires C=42°2; H=4’7 per cent. 

This substance is more readily obtained from trinitroveratrole 
(5 grams) which was dissolved in hot ethyl alcohol (80 c.c.) and 
mixed with an aqueous solution of methylamine (20 c.c. of 33 per 
cent.). After allowing to remain during an hour, the solution was 
boiled under reflux for two hours, then cooled, and the separated 
crystals were collected and crystallised from alcohol. The sub- 
stance so prepared was identified with the product obtained from 
bromonitroveratrole : 

0°8523 distilled with 10 per cent. aqueous potassium hydroxide 
evolved NH,Me, which neutralised 0°2431 HCl, whereas this 
amount of a substance, C,H,,0;N,, yielding 2NH,Me, requires 
0°2430 HCl. 

The action of aniline in boiling alcoholic solution on bromo 
dinitroveratrole resulted in the production of an orange-red sub- 
stance, which it was thought should be identical with the dipheny!- 
amine derivative, which is obtained from aniline and _trinitro 
veratrole. This, however, was not the case, and the substance 
from the bromodinitroveratrole crystallised in red needles which 
darkened at 245° and did not contain bromine. 


Dinitroanilinoveratrole, 


NHPh NO, 
MeO’ \NO, ot Me0/ NNO, 
MeO. N MeO. /NHPh 

e \/ 0, e \/ 


Aniline (5 c.c.) was added to a solution of trinitroveratrole 
(3 grams) in boiling methyl alcohol (60 c.c.), and the liquid then 
allowed to cool. It was then again raised to the boiling point 
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and the process twice repeated. The red crystals which separated 
did not redissolve when the solution was heated. The brilliant 
red needles were collected and crystallised from alcohol, and 
obtained in needles mixed with a small proportion of compact 
prisms. The prisms were picked out, and appeared to consist of 
an isomeride of the main product of the reaction; they have not 
yet been obtained in sufficient amount for satisfactory examina- 
tion. The needles were recrystallised from acetic acid and then 
from alcohol, and melted at 199°: 

0°1183 gave 0°2302 CO, and 0°0451 H,O. C=53'1; H=4°2. 

C\,4H,,0,N, requires C=52°7; H=4°0 per cent. 

The substance is very sparingly soluble in most solvents. It is 
evidently to some extent of acidic character, since it yields a red 
solution with alcoholic potassium hydroxide and may be recovered 
unchanged on acidification. The solution in nitric acid soon 
deposits crystals of a higher nitrated derivative which is extremely 
sparingly soluble and crystallises from much acetic acid in orange- 
yellow prisms melting and decomposing at 221°. That this sub- 
stance is not the expected 2:6-dinitro-3 : 4-dimethoxydipheny]- 
amine is rendered highly probable by the following considerations: 

(1). Ammonia and methylamine displace a nitro-group and also 
a methoxyl when these bases react with trinitroveratrole. 
Aniline, on the other hand, displaces only the nitroxyl group, and 
the 2:4-dinitrophenyl ether structure is therefore not contained 
in the product. The failure cf aniline to attack a methoxyl group 
of trinitroveratrole is not due to lack of reactivity of the base, 
since dinitroanilinoveratrole is also resistant to the action of 
ammonia. 

(2) Dinitroanilinoveratrole is comparatively stable towards hot 
aqueous potassium hydroxide. 

(3) The substance is not obtained from bromodinitroveratrole 
by the action of aniline. 

(4) The existence of two nitro-groups in the ortho-position is 
indicated by the following experiment: Dinitroanilinoveratrole 
was reduced in alcoholic hydrochloric acid solution by zine dust, 
and the colourless, filtered solution added to a solution of phen- 
anthraquinone in hot acetic acid containing sodium acetate. 
A condensation product was quickly formed, and crystallised from 
the solution in crimson needles. The substance was collected and 
crystallised from acetic acid, and then from ethyl acetate, and 
obtained in flat needles melting at 222—225°. It is doubtful 
whether the colour of the substance, which might be described as 
intermediate between mauve and crimson, is or is not due to 
impurity. The substance is unchanged by boiling dilute hydro- 
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chloric acid, and appears to be a true phenanthraphenazine. It 
dissolves in sulphuric acid to a red solution, quickly changing to 
brownish-red. 

Dinitro-p-toluidinoveratrole. 


This derivative, prepared by replacing the aniline in the above 
by ptoluidine, crystallised from alcohol in deep red prisms melt- 
ing at 163°: 

0°1302 gave 0°2571 CO, and 0°0542 H,O. C=53'9; H=4°6. 

C,;H,;O,N; requires C=54°0; H=4'5 per cent. 

This substance is sparingly soluble, but less so than the aniline 

derivative. 
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LXXX.—The Action of Halogens on Piperonal. 


By Anniz Mary Bieakty Orr, Ropert Rosinson, and 
MarGARET Mary WILLIAMS. 


Tue displaement of groups by nitroxyl, accompanying the nitra- 
tion of phenol ethers, has frequently been observed, but it does 
not appear to have been recorded that a similar reaction occurs 
in the chlorination or bromination of certain of these substances. 
In the preparation of bromopiperonal in acetic acid solution, the 
yield of product is not satisfactory, and this caused us to suspect 
that a certain proportion of the formyl group is displaced by the 
halogen, which we found on investigation to be the case. In a 
neutral solvent, such as carbon disulphide or carbon tetrachloride, 
the yields of bromopiperonal and of 6-chloropiperonal (I) are 
excellent, and by-products are reduced to a minimum, but, in 
acetic acid solution, the bromination of piperonal produces a 
certain amount of 4:5-dibromocatechol methylene ether (this vol., 
p- 913), and the chlorination of the aldehyde yields 4 :5-dichloro- 
catechol methylene ether (II) in addition to chloropiperonal and 
substances of undetermined nature which are decomposed by 
aqueous sodium carbonate, and probably owe their formation to 
attack of the methylene ether group by the halogen. Dichloro- 
catechol methylene ether was also obtained by the action of 
chlorine on a sodium carbonate solution of piperonylic acid or of 
6-chloropiperonylic acid (III) obtained by the oxidation of 
chloropiperonal. 4-Chloro-5-bromocatechol methylene ether (IV) 
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was obtained by the action of bromine on an aqueous sodium 
carbonate solution of chloropiperonylic acid, but not, except in 
traces, from chlorine and bromopiperonylic acid under similar 
conditions. The behaviour of chloropiperonal on _ nitration 
resembles that of bromopiperonal, and 4-chloro-5-nitrocatechol 
methylene ether (V) and 4-chloro-5:6-dinitrocatechol methylene 
ether (VI) were successively obtained. The latter on reduction 
furnishes a chlorodiamine, which was isolated as a phenanthra- 
phenazine derivative. 


/ \coHO 
CH,<O 
O cl 


EXPERIMENTAL. 
Bromination of Piperonal in Acetic Acid Solution. 


Piperonal (100 grams) dissolved in acetic acid (200 c.c.) was 
gradually treated with bromine (40 c.c.) dissolved in acetic acid 
(100 ¢.c.), any rise of temperature being checked by cooling. 
After remaining overnight, the crystals were separated by filtra- 
tion, and found to be pure 6-bromopiperonal (37°8 grams). The 
filtrate was mixed with water, and the solid collected and heated 
with an aqueous solution of sodium hydrogen sulphite until no 
further aldehyde passed into solution. The substance was then 
dissolved in ether and the ethereal solution extracted with 
repeated quantities of aqueous sodium hydrogen sulphite. The 
bromopiperonal was recovered from the hydrogen sulphite extract 
by the addition of sodium carbonate, and after crystallisation from 
methyl alcohol weighed 62 grams. The ethereal solution was 
washed with sodium carbonate and with water, dried, and 
evaporated, and the crystalline residue weighed 14°8. grams. It 
was crystallised from alcohol and identified as 4 :5-dibromocatechol 
methylene ether, melting at 86°. The substance from this source 
persistently crystallised in needles, whereas it had formerly been 
obtained in leaflets, but the melting point of a mixture was 86°. 
The formation of the dibromo-derivative must be due, in the first 
place, to that of the monobromo-compound, in its turn obtained 
by a direct displacement of the formyl radicle by bromine. This 
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follows from the observation that bromopiperonal is stable to 
bromine in acetic acid solution. A specimen was found to be 
unchanged after the attempted reaction had been prolonged 
during a week. 


6-Chloropiperonal (1). 


A stream of chlorine was passed into a solution of piperonal 
(25 grams) in acetic acid (50 c.c.) until the product of the reac- 
tion commenced to crystallise. This required about four hours. 
Water was added, and the solid collected and dissolved in ether. 
The ethereal solution was washed with aqueous sodium carbonate 
and then with sodium hydrogen sulphite solution until a test por- 
tion gave no milkiness on the addition of sodium carbonate. The 
ethereal solution was dried and evaporated, and the residue (3°4 
grams) was identified as 4:5-dichlorocatechol methylene ether. 
The hydrogen sulphite solutions were treated with excess of sodium 
carbonate, and the precipitated crystalline substance was collected 
and crystallised from aqueous alcohol, when 17°1 grams were 
obtained. The substance was further purified by crystallisation 
from methyl alcohol, from which it separated in long, colourless 
needles melting at 115°: 


0°1294 gave 071019 AgCl. Cl=19°3. 
0°2010 in 16°06 C,H, gave At=0°347. M.W.=180. 
C,H,;0,Cl requires Cl=19°0 per cent. M.W.=184. 


6-Chloro-3 : 4-methylenedioxystyryi methyl ketone  (6-chloro- 
piperonylideneacetone), C,,H,O,Cl, is obtained by the addition of 
dilute aqueous potassium hydroxide to a solution of the aldehyde 
in three times its weight of acetone. After an hour, water was 
added, and the nearly colourless precipitate collected and crystal- 
lised from alcohol. The pale yellow needles melted sharply at 
158° and dissolved in sulphuric acid to a reddish-yellow solution, 
and the substance was recovered unchanged on the addition of 
water. In chloroform solution, bromine was rapidly absorbed, 
but the dibromide was oily. 

Di-6-chloromethylenedioxystyryl ketone, CygH,.0;Clo, is obtained 
by the condensation of the aldehyde with the above described sub- 
stance or by heating the chloropiperonal in alcoholic solution with 
acetone and concentrated potassium hydroxide. It is very 
sparingly soluble and its formation is a matter of seconds. The 
substance was washed with hot alcohol and crystallised from acetic 
acid. The felted, citron-yellow needles melted and decomposed 
at 265°, and dissolved in sulphuric acid to an intense blue solution 
which became purple and then yellow on the addition of water. 

6-Chloropiperonylic acid, C,H,0,Cl, was produced on oxidising 
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the aldehyde in benzene solution by stirring with a 2 per cent. solu- 
tion of potassium permanganate. The reaction proceeds slowly, and 
when the benzene gave no residue on evaporation the excess of 
permanganate was destroyed and the acid obtained by acidification 
of the filtered aqueous solution. It was precipitated as a caseous 
solid, which was collected and crystallised from acetic acid. 

The colourless needles melted at 202°, and the substance is very 
sparingly soluble in water. It gives a pale yellow solution in 
sulphuric acid, which becomes olivegreen on gently heating, 
whereas piperonylic acid under these conditions gives an intense 
red solution, which may be due to a condensation in the ortho- 
position. 


4:5-Dichlorocatechol Methylene Ether (II). 


This substance may be obtained, as already mentioned, by the 
chlorination of piperonal, and in this case it seems that it may be 
obtained by the further action of chlorine on chloropiperonal, 
although the reaction is not smooth. It is also obtained by pass- 
ing chlorine into a solution of piperonylic acid which is always 
kept alkaline by the addition of aqueous sodium carbonate. 
Finally, the same substance was prepared by chlorinating catechol 
methylene ether in acetic acid solution. It crystallises from 
alcohol in slender, colourless needles melting at 82°: 

0°1218 gave 0°1866 AgCl. Cl=37°5. 

C,H,0,Cl, requires Cl=37°2 per cent. 

The substance is sparingly soluble in sulphuric acid, and the 
solution is colourless, but becomes reddish-yellow on the addition 
of a trace of nitric acid. The reaction is therefore not so charac- 
teristic as that of the corresponding dibromo-derivative, which 
gives a rhodamine-red solution under these conditions. The con- 
stitution of the derivative follows from its production from chloro- 
piperonylic acid, which must have the orientation of chloro- 
piperonal, and therefore of chloronitrocatechol methylene ether, 
which, as shown below, must be a 4:5-derivative. 


4-Chloro-5-bromocatechol Methylene Ether (IV). 


This substance could not be obtained by the chlorination of 
bromopiperonal in acetic acid solution, and only in traces, as the 
result of application of a large excess of reagent, by the action 
of chlorine on an alkaline solution of bromopiperonylic acid. It 
was obtained in small amount by the bromination of chloro 
piperonal and comparatively readily by the action of bromine on 
an alkaline solution of chloropiperonylic acid. It was found that 
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the best conditions were to add the bromine water and aqueous 
sodium carbonate alternately to a dilute solution of the sodium 
salt of the acid, and the completion of the reaction was judged by 
the amount of the precipitate formed. This was collected and 
crystallised from methyl alcohol, from which it separated in flat, 
satiny needles melting at 78°. 

0°1305 gave 0°1829 AgCl plus AgBr, whereas this amount of a 
substance, C,H,O,CIBr, requires 0°1838 of the mixed salts. 

The reaction of this substance in sulphuric acid on the addition 
of a trace of nitric acid was intermediate between that exhibited 
by the dichloro- and dibromo-derivatives. The reddish-brown 
solution appeared carmine in thin layers. A mixture of about 
ten parts of the dichlorocatechol methylene ether with one part 
of the dibromo-compound gave a solution almost identical in 
appearance with that from the chlorobromo-derivative. 


A pplication of the Cannizzaro Reaction to Piperonal. 


The formation of piperonylic acid and of homopiperony] alcohol 
by the action of sodium hydroxide on piperonal does not appear 
to have been described, and as we required piperonylic acid and 
the alcohol was being employed in another investigation, we made 
some experiments on the conditions of the reaction and adopted 
the following procedure. A solution of sodium hydroxide (200 
grams) in water (200 c.c.) was cooled to 40° and added to piperonal 
(100 grams), contained in a bottle capable of withstanding changes 
of temperature, and the mixture vigorously shaken. Alcohol 
(50 ¢.c.) was then added, and caused an almost immediate reac- 
tion and rapid rise of temperature. The bottle was vigorously 
shaken and the pressure released from time to time. Soon the 
temperature fell, and the mixture was then allowed to remain 
overnight. It was then mixed with sufficient water to dissolve 
the sodium piperonylate and extracted with benzene. The 
aqueous solution gave 53 grams of piperonylic acid on acidification, 
and from the benzene 1°8 grams of piperonal were recovered by 
washing with sodium hydrogen sulphite solution, and after drying 
the extract and removing the solvent, 32°5 grams of homopiperony! 
alcohol remained in a pure condition. It readily crystallised and 
could be employed in most experiments in this condition. The 
substance may be recrystallised from light petroleum, and occurs 
in slender, colourless needles melting at 58°. Fittig and Remsen 
(Annalen, 1871, 159, 138) give the melting point as 51°, but 
their product was purified by distillation. 
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4-Chloro-5-nitrocatechol Methylene Ether (V). 


6-Chloropiperonal was dissolved in nitric acid (D 1°4), and after 
half an hour the mixture was added to water and the solid col- 
lected and crystallised from alcohol, in which the substance is 
rather readily soluble. The nearly colourless needles melted at 
70° and became yellow by the action of light: 

0°1231 gave 0°0867 AgCl. Cl=17°2. 

C,H,O,NCl requires Cl=17°4 per cent. 

This substance was also obtained from 5-nitro-4-aminocatechol 
methylene ether by diazotisation of the latter in hydrochloric 
acid and treatment with copper powder. This connects the sub- 
stances described in the present communication with the series of 
4:5-disubstituted catechol derivatives. On reduction, the sub- 
stance yields a crystalline amino-derivative, which can be diazo- 
tised and contains chlorine. 


4Chloro-5 :6-dinitrocatechol Methylene Ether (V1). 


The foregoing substance was dissolved in nitric acid (D 1°52), 
and a rather vigorous reaction ensued which had to be moderated 


by cooling. On the addition of water, a precipitate was obtained 
which was collected and crystallised from alcohol. The sparingly 
soluble yellow needles melted at 138—141°: 
01162 gave 0°0670 AgCl. Cl=14'1. 
C,H,0,N.Cl requires Cl=14'2 per cent. 
This substance becomes orange-yellow on exposure to light. 


4-Chloro-1 : 2-methylenedioxy phenanthraphenazine, 
CH,O N 
C,H 
b/\A 


| 
On 4 
Bae NOH, 


The dinitro-derivative, just described, was reduced in alcoholic 
aqueous hydrochforic acid solution by the addition of zinc dust, 
and the filtered solution, mixed with excess of sodium acetate, was 
heated during two or three minutes with a solution of phenan- 
thraquinone in aqueous sodium hydrogen’ sulphite. The 
brownish-yellow precipitate was collected and dried and crystal- 
lised from xylene. Glistening, ochre-orange needles separated 
which melted and decomposed at 298—300°: 
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0°1079 gave 0°0422 AgCl. Cl=9°6. 
C,,H,,0,N,Cl requires Cl=9°8 per cent. 
The substance dissolves in sulphuric acid to a purple solution, 
and in neutral solvents to yellow solutions which exhibit intense 
green fluorescence. 


University or SYDNEY. [Received September 4th, 1917.] 


LXXXIL.— Veratricsulphinide. 
By Janet Forrest McGitiivray Brown and Ropert Rosinson, 


Baker and Smith (“A Research on the Pines of Australia,” 
Sydney, 1910, p. 397) have shown that the ‘Huon Pine’ of Tas- 
mania (Dacrydium Franklini) furnishes a leaf and a timber oil 
which consists chiefly of eugenyl methyl ether (I), and although 
very considerable quantities of the substance could be rendered 
available from this source, there exists no outlet for the utilisa- 
tion of the compound. In considering this matter, it appeared 
that veratricsulphinide (II), possibly a non-toxic sweetening 
agent, might be readily prepared from the ether, and we there- 
fore proceeded to investigate this derivative of “saccharin,” which 
it was found could readily be obtained by the oxidation of homo 
veratrole-6-sulphonamide (III) by means of an alkaline solution of 
potassium permanganate. 


McO/ SCH, CH:CH, McO/ CO. yy, MeO“ 


MeO, 


Me( | | og 
fe iN / MeO /30r wy, 


(1.) 


Veratricsulphinide was found to have no sweet taste. Although 
veratrole and homoveratrole react smoothly with chlorosulphonic 
acid and yield the corresponding sulphonyl chlorides in the cold 
and in quantitative amount, a number of veratrole derivatives 
behave in a somewhat abnormal manner. Eugenyl methyl ether 
and safrole are converted into halogen-free neutral substances 
which are apparently sulphonic lactones. The compound from 
eugenyl methyl ether crystallises from alcohol in leaflets melting 
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at 145°, and the investigation is being continued. Chlorosulphonic 
acid converted the nitrile of piperonylic acid into a dimeride, to 
which we ascribe the constitution IV. 


ExPERIMENTAL. 
Veratrole-4-sulphonyl Chloride. 


This substance has been prepared by Paul (Ber., 1906, 39, 2773) 
from veratrole-4-sulphonates. The following direct process is con- 
venient and the yield is quantitative. A solution of chloro- 
sulphonic acid (40 grams) in chloroform (120 grams) was gradu- 
ally added to veratrole (20 grams), when a vigorous reaction 
occurred. After allowing to remain during an hour, water was 
added and the chloroform solution dried and evaporated. The 
solid residue was sufficiently pure for most experiments, but a 
portion was crystallised from a mixture of benzene and light 
petroleum, and the colourless needles melted at 71°. 

The sulphonamide was also prepared, and melted at 136° after 
crystallisation from alcohol. 


5-Nitroveratrole-4-sulphonyl Chloride, 


MeO/” NNO, 
aoa PPei 

Nitric acid (75 c.c., D 1°42) was added with cooling to vera- 
trolesulphonyl chloride (30 grams), and after an hour the mixture 
was poured into water and the nitro-derivative collected and 
crystallised from acetic acid. The pale yellow needles melted at 
128° : 

0°1223 gave 0°0613 AgCl. Cl=12°3. 

C,H,O,NCIS requires Cl=12°5 per cent. 

When this substance (10 grams) was boiled with potassium 
hydroxide (10 grams) in water (100 c.c.) during a minute and a 
half, it dissolved to an orange liquid, which became yellow on 
neutralisation with hydrochloric acid. On cooling, potassium 
nitroveratrolesulphonata separated almost completely as a bright 
yellow, crystalline powder. This was washed with a little water 
and dried at 100°: 

0°1355 gave 0°1006 BaSO,. S=10°4. 

01635 ,, 0°0468 K,SO,. K=12°8. 

C,H,O;NSK requires S=10°6; K=13°0 per cent. 

On boiling with nitric acid, this salt was converted into 4:5- 
dinitroveratrole, which is a proof that the constitution assigned to 
the nitroveratrolesulphonyl chloride is correct. 
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5-Nitroveratrole4-sulphonamide crystallised from alcohol in pale 
yellow needles melting at 132°. 


5-A minoveratrole-4-sulphonic Acid, 


Mco/ \NH, . 
SO, H 


eat J 

Considerable quantities of this acid were required for some synthe- 
tical experiments, and the following procedure was adopted after 
a number of trials. The yield was 78 per cent. of that demanded 
by theory, and, indeed, the whole preparation of the substance 
from veratrole is a simple operation involving but small loss of 
material. It was found best to carry out the reduction on the 
scale described. Hydrochloric acid (25 c.c.) was added to a mix- 
ture of potassium nitroveratrolesulphonate (5 grams) and crystal- 
lised stannous chloride (15 grams). Heat was developed, the 
nitrosulphonate passed into solution, and the aminosulphonic acid 
crystallised. Hot water (50 c.c.) was added and the mixture 
allowed to cool, after which the solid was collected and recrystal- 
lised by solution in hot aqueous sodium carbonate and reprecipita- 
tion by hydrochloric acid. The substance is sparingly soluble, even 
in hot water, and crystallises in small, hard, colourless prisms, 
which were dried at 120° without suffering change in appearance: 

0°1338 gave 0°1319 BaSO,. S=13°5. 

C,H,,O;NS requires S=13°7 per cent. 

0°1709 neutralised 0°0290 NaOH, whereas this amount of a 
monobasic acid, C,H,,O;NS, requires 0°0293 NaOH. 

Like other derivatives of veratrylamine, this substance develops 
an intense blue coloration with ferric chloride in aqueous solution. 
On addition of hydrochloric acid to a fairly concentrated solution 
of the amino-sulphonic acid in potassium carbonate to which 
rather more than a molecular proportion of sodium nitrite had 
been added, the diazonium derivative is readily produced and 
separates in colourless crystals. This compound is doubtless of the 
type of diazobenzenesulphonie acid, and is relatively stable. It 
couples with B-naphthol to a crimson azo-compound, and retains 
this power even after boiling its aqueous solution for a short time. 
On adding potassium iodide to an aqueous suspension of the 
diazo-derivative, nitrogen was evolved, and the potassium salt of 
an iodosulphonic acid crystallised from the solution. When pure 
nitroveratrolesulphonyl chloride was employed in the preparation 
of the aminoacid, the substance described was the sole product 
isolated, but, on the other hand, when the crude product was 
utilised without purification, then the acid mother liquor, from 
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which the 5-aminoveratrole-4-sulphonic acid had been separated, 
slowly deposited long needles on keeping in the ice-chest. The 
substance is very probably 3-aminoveratrole-4-sulphonic acid, and 
its formation is a proof of the presence of a small proportion of 
an isomeride in the product of the nitration of veratrolesulphonyl 
chloride. After recrystallisation from water, colourless needles 
containing solvent of crystallisation were obtained, and the 
analytical results were rather unsatisfactory until the material 
was dried at 120°: 

1310 gave 0°1299 BaSO,. S=13°6. 

C,H,,0;NS requires S=13°7 per cent. 

This substance was produced in such small amount that a com- 
plete examination was impossible, but it was found to be dis- 
tinguished from its isomeride by its greater solubility in water 
and by crystallising in needles instead of prisms. With ferric 
chloride it gives an orange coloration in aqueous solution. The 
substance appears to be oxidised by nitrous acid, but with the aid 
of B-naphthol sufficient evidence of the presence of a primary 
amino-group was obtained. 


Homoveratrole-6-sulphonamide (IIT). 


Homoveratrole (60 grams) was converted into the corresponding 
sulphonyl chloride by the action of chlorosulphonic acid exactly 
as described above for the preparation of vertatrolesulphonyl 
chloride, but in this case the product was an oil which could not 
be crystallised. The substance was therefore converted into the 
sulphonamide by mixing with aqueous ammonia (250 c.c., D 0°88), 
when a vigorous reaction ensued and a colourless, crystalline sub- 
stance was produced. This was collected, washed with water, and 
recrystallised from alcohol, and the yield obtained was 80 per 
cent. of that theoretically possible. The substance crystallised 
from alcohol in prismatic needles and from ethyl acetate in com- 
pact prisms melting at 191°: 

0°1147 gave 0°1959 CO, and 0°0584 H,O. C=46°6; H=5-7. 

01215 ,, 0°1228 BaSO,. S=13°9. 

C,H,,0,NS requires C=46°7; H=5°6; S=13°9 per cent. 

This substance is far more sparingly soluble than veratrole- 
sulphonamide, and advantage might possibly be taken of this in 
order to estimate the percentage of guaiacol in specimens of 
creosol. 
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Veratric-6-sulphinide, “ Dimethoxysaccharin”’ (II). 


Homoveratrolesulphonamide (25 grams) dissolved in a solution 
of potassium hydroxide (10 grams) in water (500 c.c.) was oxidised 
at 80° by the gradual addition of potassium permanganate (70 
grams) dissolved in hot water (850 c.c.). When all the perman- 
ganate was reduced, the filtered solution was cooled and saturated 
with carbon dioxide, when a small quantity of unchanged sulphon- 
amide was recovered. The liquid was evaporated until crystals 
began to separate from the hot solution, which was then allowed 
to cool. The solid was collected, and found to consist of a 
potassium salt, which was accordingly dissolved in water and the 
solution acidified with hydrochloric acid. The colourless precipi- 
tate was collected and crystallised from much acetic acid. The 
substance was extremely sparingly soluble in most organic solvents 
and also in water. It dissolved, however, in boiling water to some 
extent, and separated on cooling in fern-like aggregates of 
needles : 


0°1096 gave 0°1773 CO, and 0°0375 H,O. C=441; H=3%8. 

0°1338 ,, 0°1270 BaSO, S=13°0. 

C,H,O;NS requires C=44°4; H=3°7; S=13°2 per cent. 

The melting point of this compound is not sharp, as it com- 
mences to soften at 275° and is completely fused at 290°. 

It is entirely devoid of sweet taste, and is, on the contrary, 
slightly acid and bitter. Its acidic properties are well marked, as 
it readily dissolved in cold aqueous sodium carbonate and even 
in warm sodium acetate solution. The sodium salt crystallises 
from water in glistening needles and has no sweet taste. The sub- 
stance is very stable towards alkali, and even on fusion with 
potassium hydroxide there is little sign of decomposition. How- 
ever, the methoxy-groups are so hydrolysed, since, on dissolving 
the fusion in water, acidifying, and extracting with ether, the 
extract can be shown to contain a catechol derivative by the usual 
test, although the intense bluish-green with ferric chloride and 
the Bordeaux-red obtained on the addition of sodium carbonate 
are far more characteristic than is the case with catechol itself. 

N-Methyl Derivative-—This substance is readily obtained by 
warming and shaking a solution of the sulphinide in aqueous 
sodium carbonate with methyl sulphate. It separates from the 
alkaline solution in colourless crystals and may be recrystallised 
from alcohol, in which it is sparingly soluble. In appearance it 
resembles the mother substance and crystallises in fronds, which 
are aggregates of needles melting at 227°: 
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0°1209 gave 0°1106 BaSO,. S=12°6. 

C,o9H,,0O;NS requires S=12°5 per cent. 

The substance is insoluble in cold dilute aqueous potassium 
hydroxide, but on boiling gradually passes into solution as the 
result of hydrolysis. On acidification there is no precipitate in 
the cold, but on boiling the solution, separation of W-methyl- 
veratricsulphinide occurs. The substance was collected, and 
melted at 227°. 


2:3:6:7-Dimethylenetetraoxyanthraquinonediimide (IV). 


The direct sulphochlorination of derivatives of veratric and 
piperonylic acids was investigated in the hope of discovering a 
convenient approach to the substituted “saccharins,” but the 
results were usually negative. The action of chlorosulphonic acid 
on the nitrile of piperonylic acid resulted, however, in the forma- 
tion of an anthraquinone derivative of a new type. 

The nitrile (5 grams) was dissolved in chloroform (15 c¢.c.) and 
chlorosulphonic acid (7 grams) gradually added. The liquid 
became dark red, heat was developed, and, after the initial reac- 
tion had subsided, the mixture was heated on the steam-bath 
during one minute. It was then cooled and mixed with acetic 
acid, when an orange-red substance separated, which was collected 
and washed with ether. This substance appeared to be a salt, and 
was warmed with a solution of sodium acetate and so changed to 
a nearly colourless, flocculent precipitate, which was collected, 
washed with water, and dried, and then crystallised from nitro- 
benzene and again several times from xylene. The clumps of 
colourless, microscopic needles melted at 261°: 

0°1208 gave 0°2891 CO, and 0°0377 H,O. C=65°3; H=3°5. 

01300 ,, 10°7 cc. Ny at 20° and 765 mm. N=9°6. 

C,;H,yO,N, requires C=65°3; H=3°4; N=9°5 per cent. 

The compound is very sparingly soluble and dissolves in 
sulphuric acid to a rich crimson solution, which becomes yellow on 
the addition of water. The solution resembles in colour-tone those 
which are obtained from methoxyanthraquinones and sulphuric 
acid, and on this account, and in view of the results of analysis, the 
constitution suggested appears probable. Nevertheless, only a 
mere trace of anthracene was obtained by boiling with hydriodic 
acid followed by distillation of the washed product over zine dust 
in a stream of hydrogen. The amount obtained from 2 grams 
enabled us to recognise anthraquinone, obtained on oxidation, by 
the oxanthranol reaction. The substance appears to be remark- 
ably resistant to hydrolysis and is unchanged by boiling hydro- 
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chloric acid. Should opportunity offer, the properties of this sub- 
stance and some analogous compounds, which have been prepared, 
will be further investigated. 


UNIVERSITY OF SYDNEY. [Received, September 4th, 1917.) 


LXXXII.—Researches on Pseudo-bases. Part II.* Note 
on some Berberine Derivatives and Remarks on 
the Mechanism of the Condensation Reactions of 
Pseudo-bases. 


By Gertrupe Mavup Rosinson and Rosert Rosinson. 


THE analogy between berberine and cotarnine was_ spectro- 
chemically demonstrated by Tinkler (T., 1911, 99, 1340), and in 
view of the fact that the former base contains an unreduced 
isoquinoline nucleus, it became of interest to examine its behaviour 
in connexion with the formation of condensation products 
analogous to the numerous anhydrocotarnine derivatives. 
Anhydroberberineacetone (I) (y~-B-CH,"COMe) is the only sub- 
stance of this type which has been investigated. It was prepared 
by Gaze (Zeit. Naturwiss. Halle, 1890, 62, 399), and its analogy 
to anhydrocotarnineacetone was pointed out by Gadamer (Arch. 
Pharm., 1905, 243, 42) and confirmed by the examination of the 
substance which was made by Pyman (T., 1911, 99, 1694). 


O-CH, 
‘Oo 
CH | | | 
MNS NQ/\7 CH-OH(OEt) 
| ! ry 
MeO A J “i: RN 
MeO CH CH, | 


! 
CH,-COMe 
(I.) (II.) 


| 
CH-OH(OEt) CH 
ao 
RN-OH(OEt) 


—-> 
<—-- 


H 
MY SOH(OEE) 


(III.) 


* Part I (T., 1914, 105, 1456) contains the following errata on page 1458: 
for 6-nitropiperonylhydrocotarnine read 6-nitropiperonoylhydrocotarnine and 
for anhydrocotarnine-6-nitroveratrole and 6-nitroveratrole read anhydro- 
cotarnine-6-nitrohomoveratrole and 6-nitrohomoveratrole respectively. 


RESEARCHES ON PSEUDO-BASES. PART II. 959 


It was found in small-scale experiments that berberine condensed 
readily with alcohols, amides, such as carbamide, phthalimide, 
9-methylindole, acetophenone, l-hydrindone, cyclohexanone, nitro- 
methane, 2:4dinitrotoluene, 2:4 : 6-trinitrotoluene, diethyl 
malonate, ethyl acetoacetate, ethyl phenylacetate, phenylaceto- 
nitrile, and indene. Berberinol (compare Tinkler, Joc. cit.) was 
dissolved in alcohol, and, after the addition of one of the com- 
pounds mentioned, the mixture was gently warmed. As a rule, a 
sparingly soluble substance separated, often in a viscid condition, 
but crystallisable after treatment, usually by washing with 
alcohol, and the derivatives were lemon-yellow with the exception 
of the nitro-compounds, which were orange or red. All the sub- 
stances were resolved into their components by acids, and anhydro- 
berberine derivatives are therefore much less stable than the corre- 
sponding substances obtained from cotarnine or hydrastinine. 
Circumstances forced the authors to abandon the detailed examina- 
tion of these substances at a time when the work had not pro- 
ceeded far and was quite incomplete, but it nevertheless now 
seems desirable to record the results of the investigation. Cyano- 
dihydroberberine (y~-B-CN), methoxydihydroberberine (y-B-OMe), 
anhydroberberineacetophenone (¥-B-CH,*COPh), and anhydro- 
berberinenitromethane (y-B-CH,*NO,) are described in the experi- 
mental portion of the paper. 


The Mechanism of Pseudo-base Condensation. 


The fact that berberine resembles cotarnine in its reactions 
emphasises the probability that the reactive modification is in 
each case the quaternary ammonium hydroxide form, since 
berberine has an even greater tendency than cotarnine to assume 
this unsaturated condition. The formation of anhydroberberine- 
acetone was found to occur in dilute alcoholic solution under con- 
ditions not favourable to the ‘existence of berberinol, and a 
hitherto unrecorded observation on the condensation of cotarnine 
with nitromethane may also be cited. A dilute aqueous acetic 
acid solution of cotarnine was mixed with nitromethane, and on 
the addition of sodium acetate the condensation product was 
formed, slowly in the cold, rapidly on heating the mixture, and 
the substance was identified with anhydrocotarninenitromethane 
(Hope and Robinson, T., 1911, 99, 2119). In this acid solution 
the presence of the carbinol form of cotarnine is extremely improb- 
able. At the same time, condensation products are obtained 
from cotarnine and berberine under conditions which do not 
favour electrolytic dissociation of an ammonium hydroxide. Thus 
the presence of an excess of sodium hydroxide does not appear to 
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inhibit the reactions. A representation of the mechanism of the 
Knoevenagel reaction, based on the assumption of a reaction 
between ions, was suggested by Lapworth (Hope and Robinson, 
loc. cit., 2117), and was a great advance on the ideas existing at 
that time, especially as it facilitated the collation of data derived 
from such separate investigations as those of Knoevenagel on the 
use of amines, particularly secondary amines, as catalysts in con- 
densations, of Dobbie, Lauder, and Tinkler on the spectrochemistry 
of pseudo-bases, and of numerous workers on the chemistry of 
these substances. These advantages are secured by the recogni- 
tion that the reactive form of a carbinol-amine (II) is the un- 
saturated ammonium hydroxide (III), but instead of representing 
the further stages as due to ionisation, combination of the ion 
with a negative residue, and, finally, migration, the present 
authors prefer to regard the condensations as due to a simple 
addition of the components as illustrated in the scheme: 


R 


In the case of a condensation between a pseudo-base and pseudo- 
acid, the theory of the reaction between ions demands two intra- 
molecular changes, but on the hypothesis now advanced the 
carbon to carbon synthesis occurs in the first stage of the process 
and migrations are not required. This is illustrated in the case 
of anhydrocotarninenitromethane, and it will be seen that the 
aci-modification of nitromethane and the ammonium hydroxide 
form of cotarnine yield a complex (IV) in which there may be a 
change in affinity distribution which results in the separation of 
water and the production of anhydrocotarninenitromethane. 


CHO-H  H__, GH, 0—CH-CH-WQ 
CHIN. OH \C.H-WVlle + HO 
é ; Me _ 
(IV.) 
The essential feature of these representations is the postulation 
of conjugated partial dissociation as a preliminary stage of the 
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reactions, and this is a particular case of the process described by 
Baly as “opening up the molecular force fields.” The mode of 
expression is, however, slightly different from that employed in a 
former communication (T., 1916, 109, 1031 * et seg., 1042). 

Taking methyl iodide as an example, then, in reactions in which 
the iodine becomes separated from the methyl group, it is assumed 
that there is a partial dissociation and that the reactive molecule 
should be represented as ...CH,I..... The present suggestion is 
merely that the partial valency so expressed shall be considered 
to be derived from the normal valencies and that the dissociation 
necessarily weakens the bond between the carbon and iodine atoms, 
so that the complete symbol is ...CHg...I.... Where a partial 
dissociation can be followed by complete electrolytic dissociation, 
there is a clue to the polarity of the partial valencies, since it may 
reasonably be assumed that the partial dissociation is a stage in 
the complete process. Further, it is clear that the partial dis- 
sociation of latent valencies must be assumed in some cases, as, 
for example, in the combination of ammonia with hydrochloric 
acid : 


CNH | = NHC 


The conjugated partial dissociation of such an ammonium 
hydroxide as cotarninium hydroxide is a more complex example 
of the same kind: 


He H 


M.N—OH MeOH MelYOF 


"In this paper, the residual affinity was regarded as additional to the 
‘ormal valency, not as a part of the latter. The theory of the reactions is 
not fundamentally altered, and in accordance with the suggested method 
of expression the addition of an alkyl haloid to an unsaturated base 
would be represented by the scheme: 


rs abx 


F cing 
| \odey 
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In partial dissociation of latent valencies, two partial valencies 
of opposite sign become available, and these emanate from the 
same atom, whereas when a normal valency is divided, the two 
parts will be of the same sign, so that the ring in IV in regard 
to the polarity of the partial valencies should be expressed as 


shown below: 


C2iN-20 
OH 


The logical application of schemes of partial dissociation, simple 
and conjugated, of addition and decomposition by making and 
breaking of partial valencies, and of redistribution of affinity, 
demands the consideration of these questions of polarity ‘and leads 
to a system of mechanism of reactions which appears to be capable 
of including the representation of chemical changes of the most 
varied type, and the present authors are not acquainted with any 
examples of reactions the course of which cannot be illustrated in 
the manner implied. It is true that the subdivision of units 
invariably supplies greater facilities for explanations, but in the 
present instance there is the important restriction on the elasticity 
of the theory which is imposed by the necessity of providing the 
reactive complexes with two free partial valencies of opposite 
sign, and this has introduced no difficulty in any case examined. 
In order to avoid possible misapprehension, it should be stated 
that reactions between ions are not excluded, but regarded as the 
limiting case, and, further, that it is recognised that the symbols 
which are used to express the activated condition of molecules can 
represent only a first approximation to the actual distribution of 
affinity. 

We cannot deal with every instance in which it is imagined that 
the method of representation advocated has clear advantages in 
the summarisation of the experimental data, and we therefore 
confine ourselves to two reactions which have been the subject of 
comparatively recent controversy. 


The Bromination of Ketones. 


Lapworth’s theory of the mechanism of the bromination of 
acetone and other ketones (T., 1904, 85, 30) has received much 
support from subsequent experimental work, and it may be said 
to be universally accepted that the essential reaction is the addi- 
tion of bromine to the enolic form of the ketone. Leuchs (Ber., 


RESEARCHES ON PSEUDO-BASES. PART II. 963 


1913, 46, 2435), however, brominated optically active o-carboxy- 
9-benzyl-l-hydrindone and obtained 5—10 per cent. of an optically 
active bromo-derivative, and since the enolic form of this ketone 
contains no asymmetric carbon atom, it was claimed that the 
bromination was in part a direct substitution. In accordance with 
the theory of partial conjugated dissociation of an enol, however, 
the actual reactive conditions is not 


but 


yal yz: ieee 


and this reactive form is seen to be intermediate as regards its 
distribution of affinity between the ketone and its enolic modifi- 
cation. Consequently, the catalytic action of hydrobromic acid on 
the ketone in producing the enol will involve the reactive form 
of the latter as an intermediate stage. In this molecule, the 
partial valency preserves the asymmetric environment of the 
carbon atom, and the formation of an optically active bromo- 
derivative is therefore possible. The whole process may be repre- 
sented in the following manner: 


Mechanism of Diazo-coupling. 


K. H. Meyer (compare “ Annual Reports,” 1914, 11, 100; 1915, 
12, 115) and his co-workers hold the view that diazo-coupling is 
due to an addition of the diazonium salt to a double bond or 
conjugated double bond in the second component. Other authors, 
as Auwers and Michaelis, and Karrer (loc. cit.), are of the opinion 
that the reaction is in the first place one of addition to the oxygen 
or nitrogen atom of the phenol or amine, and that this 1s followed 
by migration. Both these views are experimentally founded and 
at present regarded as contradictory. The application of the 
theory of addition of partly dissociated complexes leads to a 
representation which in the present authors’ opinion explains the 
whole of the facts, including those relating to the chemistry of the 
diazonium salts themselves. It has already been suggested (T., 

VOL. OXI. PP 
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1916, 109, 1042) that the characteristic reactions of aromatic 
amines and phenols must be ascribed to additions to a conjugated 
unsaturated system which includes the nitrogen or oxygen atoms, 
The neutral and reactive phases of a phenol, such as m-cresol, will 
therefore be the following: 


An examination of the polar properties of the partial valencies 
shows that the orientation rules are a direct consequence of the 
opposite sign of ‘the latent valencies of elements, such as oxygen 
and nitrogen, but it must be remembered that in dealing with 
amines and phenols the effects observed are considerable and well 
defined, and that in connexion with the general problem of 
orientation in the benzene ring it may be necessary to take 
cognisance of even more delicate influences than the conjugation 
of partial valencies. The reactive phases of an aromatic amine 
will correspond with those figured above in the case of m-cresol. 
Addition to the unconjugated reactive modifications will involve 
the attachment of a group to the oxygen or nitrogen atoms, 
whereas addition to the molecule in its conjugated dissociated 
condition will involve nuclear substitution. If the former reac- 
tion is reversible, and this is usually the case, there may ensue an 
apparent transference of a group from oxygen or nitrogen to the 
nucleus, and the transformation of diazoamino-compounds into 
true azo-derivatives is not improbably a reaction of this type. 
The phenomenon is analogous to that involved in the production 
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of mesidine from phenyltrimethylammonium chloride, and as this 
is a simpler case, the first stage of the process may be illustrated : 


NMe,Cl NMe, 
iI 


+ HCl 


The last reaction is a conjugated decomposition, that is, the 
reverse of addition to a conjugated system. Such reactions are 
of great importance in the aromatic series, and there appears to 
be no valid reason why the decomposition should have a more 
complex mechanism than the formation of the additive product. 

Turning to the diazonium compounds, it must be noted that 
these substances (for example, hydroxides) are in constitution and 
properties strikingly analogous to such substances as cotarninium 
hydroxide and owe their reactivity to a similar partial decom- 
position, which is expressed in V. Addition between the reactive 
phases of a phenol and of a diazonium hydroxide will result in 
VI, and possibly VII may then be obtained by a redistribution of 
affinity. 


i : 


+ 


N==N—A H a N-Ar H 
(\" =F r pe “tye | i 


(V.) (VL) 


VII is clearly the oxonium hydrate of the keto-form of an azo- 
phenol, but it is also the hydrate by conjugated addition of the 
enolic modification, and the latter may be obtained by conjugated 
decomposition as shown above for the precisely similar conversion 
of a ketone into an enol with the aid of hydrobromic acid. It 
should be pointed out, however, that it is unnecessary to go so 
far as VII in rearranging the affinity of VI. If, for example, 
the partial valency connecting the nitrogen atoms is broken, the 
natural result of the activity of the free partial valencies is 
indicated in VIII, IX, and X. 


PP2 
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The above will apply to a phenol, such as #-naphthol, which 
couples in the ortho-position. Para-substitution will involve the 
inclusion of an additional double bond in the conjugated system, 
and it is clear that the scheme is applicable to amines as wel] as 
to phenols. 


(VIII.) 


EXxPERIMENTAL. 


Cyanodihydroberberine. 


This substance was prepared by Henry (Annalen, 1860, 115, 
136), and regarded as a sparingly soluble salt which crystallised 
from alcohol in yellow, rhombic leaflets. The analysis given is 
3 per cent. lower than the theory, and indeed at that time the 


composition of berberine was supposed to be Cy.Hj,0;)N (C=6; 
O=8). In 1872 Fliickiger (Jahresber., 748) stated that the sub- 
stance did not exist, and later Pommerehne (Arch. Pharm., 18%, 
233, 127) reaffirmed that berberine forms a stable hydrocyanide. 
Tinkler (loc. cit.) used the substance in connexion with his spectro 
chemical work. Since it appears that this compound has not yet 
been accurately analysed or described, we prepared a specimen by 
adding potassium cyanide to a solution of berberine sulphate until 
the yellow colour disappeared. The solid was collected and rapidly 
crystallised from alcohol and then from benzene, in which the 
substance is sparingly soluble. It was found necessary to keep 
the solution in the dark, as the compound is decomposed by light. 
The pale yellow prisms melted at 184—186° when somewhat 
rapidly heated : 

0°1405 gave 0°3602 CO, and 0°0661 H,O. C=69'9; H=5°0. 

C,,H,,0,N, requires C=69°6; H=5-2 per cent. 

The substance is readily soluble in chloroform and sparingly 9 
in ethyl acetate, from which it crystallises in yellow octahedra. 
It is stable towards aqueous potassium hydroxide and is not 
immediately decomposed by cold dilute hydrochloric acid. On 
gently warming, hydrocyanic acid and berberine chloride were 
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produced. No definite evidence of the formation of a salt of the 
pase was obtained, but that substances of this type are real bases 
which can form salts without decomposition is evident from the 
behaviour of cyanohydrocotarnine. This substance dissolves in 
dilute sulphuric acid, but, on scratching the container, colourless 
crystals of a sparingly soluble sulphate separate. Only on heat- 
ing does the colourless solution become yellow, and hydrocyanic 
acid is then set free. It is a mistake, therefore, to term these 
substances pseudo-salts. They are in no sense salts, but bases 
which can combine with acids, and in this condition are readily 
decomposable. We have also observed that cyanohydrocotarnine 
forms a methiodide. 


Methoxydihydroberberine, y-B-OMe. 


Perhaps the most characteristic reaction of pseudo-bases is the 
formation of ethers of the carbinol form by simple treatment with 
alcohols, and it is interesting to note that this property is 
exhibited, not only by the rosaniline bases, but also by many tri- 
phenylearbinol derivatives not containing nitrogen and by the 
xanthhydrols and other pseudo-oxonium bases. In the presence 
of excess of water, these ethers are as readily hydrolysed as they 
were formed, and the conclusion to be drawn from the whole 
matter seems to be that the interconversion of the two forms of 
the pseudo-base is accomplished by addition and subtraction of 
water or of an alcohol. Gaze, in a private communication to 
Beilstein’s ‘‘ Handbuch,” states that berberine yields an alcoholate, 
Cy)H,,0,N,C,H,O, which he describes as golden crystals, but there 
appear to be no further references in the literature to substances 
of this type. Berberinol (15 grams) was added with stirring to 
methyl alcohol (35 grams), when the substance became more 
crystalline in appearance. After remaining during two hours, the 
substance was collected and rapidly crystallised from methyl 
alcohol. It was obtained in pale yellow prisms melting at 152°: 

0'1239 gave 0°3126 CO, and 0°0661 H,O. C=68'8; H=5'9. 

C,,H,,0;N requires C=68°7; H=5-7 per cent. 

In attempting to crystallise this substance from ethyl acetate, 
oxyberberine melting at 198—200° was obtained. The substance 
was also readily changed to oxyberberine by boiling with sodium 
methoxide in methyl-alcoholic’ solution. It appears to be more 
easily oxidised than berberinol itself Like most dihydroberberine 
derivatives, the dilute solution in ethyl acetate exhibits blue 
fluorescence. The methoxy-group was readily removed in the forrr 
of methyl alcohol on warming the substance with water. 
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Ethoxydihydroberberine —This derivative crystallised in golden- 
yellow, rectangular prisms which darken at 125° and melt at 136°, 
Its properties were similar to those of the methoxy-compound. In 
absolute ethyl alcohol the substance condensed readily with 
acetone, producing anhydroberberineacetone melting at 175°. 

isoA myloxydihydroberberine—This substance was obtained in 
circular clusters of golden needles and melted at 157°. Its ethyl 
acetate solution exhibits blue fluorescence. 


Anhydroberberineacetophenone, y-B-CH,*COPh. 


This derivative was obtained by condensing berberinol with 
acetophenone in alcoholic solution or by starting with methoxydi- 
hydroberberine and carrying out the reaction in absolute methyl. 
alcoholic solution. It is, however, more convenient to operate in 
the following manner. Berberine sulphate (20 grams) was mixed 
with alcohol (100 c.c.) and acetophenone (10 grams), and, after 
gently heating the mixture, a 20 per cent. aqueous solution of 
potassium hydroxide was added until the orange colour became 
red and then yellow. The liquid was vigorously stirred, and, after 
the addition of water, the yellow oil gradually solidified and was 
collected and crystallised, first from alcohol, in which the sub- 
stance is sparingly soluble, and then from ethyl acetate. The 
final purification was by crystallisation from benzene containing 
a little light petroleum, and the substance was then obtained in 
bright yellow prisms melting at 140—141°: 

0°1310 gave 0°3542 CO, and 0°0658 H,O. C=73'7; H=5'6. 

C,,H,,0;N requires C=73°8; H=5'5 per cent. 

This compound is at once decomposed by acids, yielding 4 
berberine salt and acetophenone, the odour of which is perceptible 
even when the compound is warmed with water. The substance 
was changed by methyl sulphate into what appeared to be a mix 
ture of metho-salts with berberinium sulphate. On boiling the 
golden-yellow mixture with hydrochloric acid, acetophenone was 
liberated, and a salt separated which had the appearance o 
berberinium chloride, but was contaminated with a considerable 
proportion of some analogous compound. The mixture could not 
be separated into its constituents, but analysis indicated that it 
consisted of berberinium chloride and a _ methylberberinium 
chloride. 


A nhydroberberinenitromethane, -B-CH,:NO,. 


Berberine sulphate (20 grams) was warmed with a mixture of 
ethyl alcohol (100 ¢.c.) and water (100 c.c.) and treated with # 
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concentrated solution of potassium hydroxide until a clear solu- 
tion was obtained. Nitromethane (10 c.c.) was then added and 
more dilute potassium hydroxide gradually introduced, care being 
taken not to render the solution strongly alkaline. A crystalline, 
red precipitate was formed, which was collected and recrystallised 
from alcohol. The orange-red needles melted at 140°. Recrystal- 
lisation from alcohol resulted in lowering of the melting point to 
136°, but from toluene, orange, prismatic needles melting at 142° 
were obtained : 

0°1165 gave 0°2733 CO, and 0°0582 H,O. C=63°9; H=5'5. 

C,,H,O,N. requires C=63°6; H=5'1 per cent. 

This substance is changed by acids into a berberine salt. It 
was also obtained by condensation of methoxydihydroberberine 
and nitromethane in methyl-alcoholic solution. 


Universities or SyDNEY AND LIVERPOOL. 
[Received, September 4th, 1917.] 


LXXXII.—The Absorption Spectra of some Polyhydroxy- 
anthraquinone Dyes in Concentrated Sulphuric 


Acid Solution and in the State of Vapour. 
By Davip B. MEEK. 


Iv a previous communication (Meek and Watson, T., 1916, 109, 
544 et seg.) on the colour of the polyhydroxyanthraquinone dyes 
it was shown that the wave-length of the maximum of an absorp- 
tion band of any of the substances depended on whether the sub- 
stance was examined in alcoholic solution, in potassium hydroxide 
solution, or on cloth variously mordanted. Taking the absorp- 
tion as due to the resonance produced in a system capable of 
oscillating between the different tautomeric forms, then this period 
of oscillation was regarded as modified by the nature of the radicle 
attached to the conjugate chain of doubie and single bonds. One 
of the conclusions drawn from that investigation was that “the 
more electropositive the nature of the radicle attached to a con- 
jugate chain, the longer will be the wave-length of the maximum 
of the absorption band.” In that work the spectrum of each of 
the dyes was examined, (1) in alcoholic solution, (2) in aqueous 
potassium hydroxide solution, and on wool mordanted with (3) tin, 
(4) alum, and (5) chrome respectively. The present investigation 
Was undertaken with a view to obtain information regarding the 
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absorption spectra of the same polyhydroxyanthraquinone dyes jn 
solution in concentrated sulphuric acid and in the state of vapour. 
Some of these dyes had given a number of fairly narrow, sharp 
bands in alcoholic solution (/oc. cit.), and it seemed of importance 
to discover whether under other conditions the narrow bands 
which had been obtained could be broken up into absorption lines, 
for as a vapour at atmospheric pressure iodine has very fine 
absorption lines, whilst in solution it gives absorption bands which 
are broader than those yielded by some of the polyhydroxyanthra. 
quinone dyes. The difficulty of obtaining the absorption spectra 
of many organic substances as vapour is that they frequently 
decompose before vaporising, and hence the absorption spectra 
have to be observed when the dyes are vaporised at low pressures. 
With the same end in view, namely, of obtaining very narrow 
absorption bands, one of the substances, alizarin-cyanine, which 
gave narrow bands in alcoholic solution, was also examined in a 
number of organic solvents. 

It may be stated here that it has not been found possible to 
resolve any of the bands given by the polyhydroxyanthraquinone 
dyes into absorption lines, but absorption curves have been 
obtained which on resolution into elementary symmetrical bands 
have yielded further information regarding the effect of the 
number and position of auxochromes on the absorption, and there 
fore on colour. 


EXxPERIMENTAL. 


The absorption spectra of the dyes in concentrated sulphuric 
acid and of alizarin-cyanine in the various organic solvents were 
obtained in a manner similar to that described in the previous 
paper (loc. cit.), the apparatus being a Nutting photometer in 
combination with a large Hilger wave-length spectrometer. In 
obtaining the positions of the absorption bands in the case of the 
vapours, a slightly modified procedure was adopted. A brass tube 
50 cm. in length and 1°5 cm. in diameter was fitted with air-tight 
caps taken from a polarimeter tube. The portion of these caps 
which is generally fixed to the glass polarimeter tube by means of 
hard wax was brazed to the ends of the brass tube. They were 
then ground plane, and by means of asbestos washers the caps 
could be made air-tight when screwed on firmly. Attached to the 
side of the brass tube was a small brass tube through which the 
pressure inside the long brass tube could be reduced. 

To observe the absorption spectrum of the vapour of one of 
the dyes, a small quantity of the substance was placed in a porce- 
lain boat and introduced into the brass tube. The polarimeter 
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tube cap was then firmly screwed on and the whole tube placed in 
a resistance electrical furnace. The latter was larger than the 
brass tube, and so the ends were well within the furnace. This 
revented the deposition of the vaporised substance on the glass 
ends of the tube. The side-tube projected beyond the furnace, and 
was attached to a Gaede pump, by means of which the pressure 
inside the absorption tube could be reduced. The furnace was 
arranged so that a parallel beam of light could be passed through 
the absorption tube to one aperture of the photometer, and another 
beam from the same source was brought by reflections to the other 
aperture. This method should have given measurements from 
which absorption curves could have been drawn, but the difficulty 
of keeping the amount of vapour in the tube constant has not 
yet been overcome, with the result that only the wave-lengths of 
the maxima of absorption have been determined up to the present. 
Although the absorption curves have not been obtained yet for 
the substances in the form of vapour, an attempt has been made 
to classify the absorption bands according to apparent intensity. 
The following table contains the results which have been obtained : 


TABLE I. 


Wave-lengths of Comparative intensity 
Substance in the form of maxima of of these maxima of 
vapour mixed with air. absorption. absorption. 
1) 5137 Very faint 
2) 5040 Intense 
3) 4926 Intense 
4) 4815 Faint 
5) 4736 Very faint 
6) 4635 Extremely faint 


Quinizarin or 1 : 4-dihydroxy- 
anthraquinone (fluorescent) 


Purpurin ‘or 1:2: 4-trihy- | 


1) 5256 Intense 
2) 5045 Intense 
3) Broad band of Intense 

general absorp- 

tion from violet 

upwards to 

about 4900 


( 
( 
( 
( 
( 
( 
( 
( 
( 


droxyanthraquinone 


) 5135 Intense 


1 

Alizarin-Bordeaux or 1:2:5:8- ts) <aae a 
4 
5 


( 
( 
tetrahydroxyanthraquinone (4) 4805 Very faint 
(5) 4693 Extremely faint 


These absorption bands have been shown in Figs. 2, 3, and 5 as 
straight lines drawn at the wave-lengths of maximum absorption 
and of length, varying according to the qualitative classification 
of intensity in the third column of Table I. It is interesting that 
the bands of quinizarin and Alizarin-Bordeaux vapours are closer 

P P* 
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together than the bands of these substances in solution in alcohol, 
and it is also noteworthy that the differences between successive 
maxima of absorption of the substances as vapours are of the same 
order of magnitude as the differences between the successive 
maxima for alizarin-cyanine and anthracene-blue in alcoholic 
solution. The absorption due to the vapours of the other five 


Fie. 1. Wave-lengths. Fia. 2. 


Absorption coefficients. 


x 
~~ 
= 
& 
2 
S$ 
S 
oO 
= 
a] 
3 
~ 
° 
oa 
ws) 
=z 


Wave-lengths. 


Elementary symmetrical curves. 


polyhydroxyanthraquinones considered here was not resolved into 
narrow bands. Alizarin vapour gave general absorption coming 
up from the violet end of the spectrum as the density of the vapour 
was increased. Anthragallol gave a similar result, whilst 
anthraceneblue gave a broad, indistinct, weak band with its 
centre about A=5000. 


(1) 
tineth 
conce} 
these 
the re 


POLYHYDROXYANTHRAQUINONE DYES, ETC. 973 


The Absorption Spectra of the Polyhydroxyanthraquinones in 
Concentrated Sulphuric Acid Solutions. 


Solutions of strength V/10* in concentrated sulphuric acid were 
prepared and examined by the Nutting spectrophotometer in the 
manner previously described (/oe. cit.). The absorption curves 
obtained are given in Figs. 1 to 8. 


Fia. 5. Wave-lengths. 
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(1) Alizarin—In potassium hydroxide solution there are dis- 
tinctly three bands, the middle one being the most intense. In 
concentrated sulphuric acid solution there are indications that 
these bands still exist, but the middle one and the one towards 
the red have diminished in relative intensity, and probably also 
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have broadened. The one towards the violet end has become 
relatively more intense. 
(2) Quinizarin—The results are given in Table II. 


Taste IT. 
Wave-lengths 
of maxima Relative order 
Solvent. r. f=1/A. A(1/A) | of intensity. Remarks. 
((1) 5137 1946 38 (4)—(1)=131 
(2) 5040 1984 47 (5)—(2)=197 
(3) 4926 2031 46 (6)—(3)=127 
Vapour | (4) 4815 2077 34 ie 

(5) 4736 2111 47 = 
(6) 4635 “sc — os 


((1) 5150 1942s 
4 (2) 5018 1993 99 
(3) 4780 2092 — 


(1) 5470 1828 139 
Sulphuric acid {3 5086 1967 126 
(3) 4777 2093 — 
(1) 5944 1683 127 1\ almost 
fe 5526 1810 128 2f equal 
(3) 5160 —e le 3 


Alcohol 


Potassium 
hydroxide 


The absorption spectra of quinizarin in alcohol and as a vapour 
have the absorption over the same area of the spectrum as regards 
both extent and position. In the concentrated sulphuric acid solu. 
tion and in the potassium hydroxide solution the areas of absorp- 
tion are larger, but again almost equal, and they have been shifted 
towards the red end of the spectrum, the shift being greater in 
the case of the alkali solution. 

(3) Purpurin.—The results are given in Table ITI. 


Tase ITI. 
Wave-lengths 
of maxima Relative order 

Solvent. A. f=1/A. A(1/A). of intensity. Remarks. 
((1) 5256 1903 79 (1)\ about 
(2) 5045 1982 59? = =(2)) equal 
(3) Broad 204127 — — 
band of 
Vapour + general ab- 
sorption 
from violet 
up to about 
4900 


(6) 5524 1811 
(2) 5205 1921 
18 4892 2044 
f 
\ 
f 
\ 


Alcohol 


4) 4780? 2092? 


) 5564 1798 
58 1939 


Sulphuric acid ) 
) 545 1835 
) 


Potassium 
hydroxide 


mb milo whe 


l 
2 
1 
2 13 1956 
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( 
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Again, in the case of purpurin, the absorptions by the vapour 
and by the alcoholic solutions occupy almost identical parts of the 
spectrum, but, as in quinizarin, the absorption maxima are closer 
together for the vapour than for the solution in alcohol. With 
concentrated sulphuric acid and potassium hydroxide solutions the 
absorption has been displaced towards the red, and the maxima 
for sulphuric acid solution are nearer the red end of the spectrum 
than the maxima for the alkali solution. 

(4) Anthragallol_—In the sulphuric acid solution there are three 
bands giving maximum absorption at wave-lengths 5750, 5240, and 
4620, and as regards intensity these are in the order 3, 2, 1 
respectively. These three bands are not apparent in the potassium 
hydroxide solution as distinct bands, but their existence as broad 
bands may be inferred from the shape of the absorption curve of 
the potassium hydroxide solution. One effect of the sulphuric 
acid has been to render the resolution better and to increase the 
relative intensity of the absorption towards the violet end of the 
spectrum. 

(5) Alizarin-Bordeaux.—The results are given in Table IV. 


TABLE IV. 


Wave-lengths 
of maxima Relative order 
Solvent. r. f=1/A. A(1/). of intensity. Remarks. 
({2) 5135 1947 Intense 
(2) 5050 1980 y Intense 
Vapour / (3) 4896 2042 { Faint 
[2 4805 2081 Very faint 
(5) 4693 2131 Extremely 
faint 


Aleohol : 5238? 1909? 219? 2 
1 


2128 — 


1563-181 

32 1744 143 

Sulphuric acid | . 1887 109 
1996 — 


Potassium 1655 3115 
hydroxide , 1770 _- 


Comparing the absorption in the state of vapour and in solu- 
tion in alcohol, the maximum of absorption is nearer the violet 
for the alcohol solution than for the vapour. In the state of 
vapour the bands are narrower and the resolution much better. 
For sulphuric acid and potassium hydroxide solutions the absorp- 
tion has been displaced towards the red, and in the two solutions 
It occupies the same part of the spectrum. The sulphuric acid 
solution gives better resolution on the blue side of the absorption 
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curve, whereas the potassium hydroxide solution gives better 
resolution on the red side. 
(6) Alizarin-eyanine.—Tabie V contains the results for alizarin- 


cyanine. 


TABLE V. 


A for Relative order 
Solvent. maximum. f=1/A. A(1/A). of intensity. Remarks, 
(1) 5630 3 
(2) 5473 f-fe 
Alcohol (3) 5337 y y (2) (4) 139 
(4) 5088 5 : 
(5) 4978 
(6) 4776 


(‘3 6332 


+(2) 6040 f—f-= 
Sulphuric acid \(? = ¢ ‘ (2) (8) 137 
(4) 5 ? 


(Gradually 
rising 
curve from 
Potassium violet to 

hydroxide red. No 
maximum 
between 
4000 and 
. 7000 


From table V and also from the curves it is again obvious that 
the absorption has been displaced towards the red in the con- 
centrated sulphuric acid solution, and still further towards the 
red in the potassium hydroxide solution. The band which has 
been numbered (3) in the alcoholic solution has been masked in the 
sulphuric acid solution by the intensity of band (2), so that the 
bands (1), (2), (3), and (4) in sulphuric acid solution correspond 
with the bands (1), (2), (4), and (6) in the alcoholic solution. The 
band (2) in both solutions is the most intense, and it is also prob- 
able that the position of the maximum of absorption is not very 
much removed from the centre of the absorption band, so we may 
obtain the displacement towards the red in the concentrated 
sulphuric acid solution by comparing band number (2) in alcohol 
with band number (2) in sulphuric acid. These bands we may 
take at A\=5473 and 6040, giving a displacement of 567 Angstrém 
units towards red. In frequencies the figures are f=1827 and 
1656, with a displacement of 171. 

Anthracene-blue W.R.—Table VI gives the results for anthra- 
cene-blue, 
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TABLE VI. 


A for Relative order 
Solvent. maximum. f=1/A. A(1/A). of intensity. Remarks. 
fe 5655 1768 55 


(2) 5487 1823 47 
(3) 5348 1870-95 
| (4) 5089 1965 37 
(5) 4995 200249 
(6) 4875? 2051 — 


Aleohol 


f-f= 
(4) (2) 142 


(5) (3) 132 


blildl 


(‘3) 6750? 148] 174? 
: — 2) 6044 1655 143 
Sulphuric acid ts} 5564 1798 129 
(4) 5190 1927 -- 
Gradually rising curve from violet to red with an inflection 


at about 5450 which shows that the curve is not a single 
absorption band. 


f—f-= 
(3) (2) 143 


IT li 


Potassium 


hydroxide \ 


Again, the effect of the sulphuric acid and of the potassium 
hydroxide is to displace the absorption towards the red, and the 
displacement due to the sulphuric acid is not so great as that due 
to the potassium hydroxide. The resolution is also much better 
in the solution in sulphuric acid. 


Alizarin-cyanine in Various Solvents. 


The absorption spectra of alizarin-cyanine in various solvents 
have been examined, and the curves are given in Figs. 9 and 10. 

The results are also contained in table VII. 

Alizarin-cyanine was chosen for the purpose on account of the 
large number of narrow bands it gives in solution in many organic 
solvents and the ease with which corresponding bands can be 
identified in the various solutions. i 

From Table VII, and also from Figs. 9, etc., it will be seen 
that the absorption bands can be recognised quite easily when dis- 
placed by the various solvents. The bands have been given dis- 
tinguishing letters A, B, C, etc. The last column of Table VII 
contains the refractive indices of the various solvents for sodium 
light. According to Kundt’s law, the greater the refractive index f 
of the solvent the greater should be the displacement towards the | 
red. This is, however, not the case. In many cases there is dis- 
placement towards the red, but this is not always accompanied 
by an increase in the refractive index ‘of the solvent. 

Looking at the graph of wave-lengths of maxima of absorption 
against refractive indices of solvents (Fig. 12), we see that, if the 
solvents of acid and basic nature are omitted, chloroform is the 
only solvent of those considered which violates Kundt’s law to a 
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large extent. Neglecting pyridine, acetic acid, and phenol, there 
is a general tendency to displacement towards the larger wave. 
length with increase of refractive index, but the nature of the 


Fig. 9. 
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Methyl alcohol. 


solvent as regards acidity or basicity certainly has an effect on the 
displacement of the absorption bands. 
The displacements cannot be due to absorption bands in the 
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infra-red of the spectra of the solvents, for the absorption con- 
sidered is that of the solution less that of the solvent. 

So far as the effect of solvent on the colour of the polyhydroxy- 
anthraquinone dyes is considered, the results are: 


Fig. 10. 
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Chloroform. 
Glacial acetic acid. 


(1) The absorption is displaced towards the red end of the spec- 
trum by solution in sulphuric acid and in potassium hydroxide as 
compared with absorption of the alcoholic solution. 

(2) The displacement is greater for potassium hydroxide solution 
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than for sulphuric acid solution. The one exception is purpurin, 
which was shown to be an exception in other respects (T., 1916, 


109, 561). 


(3) The resolution in sulphuric acid solution is generally much 
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greater than in potassium hydroxide solution, and this is the case 
most frequently on the violet side of the group of absorption bands. 
(4) For the few neutral solvents experimented with, Kundt’s 
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law is in a general way true, but it is quite wrong when acid and 
basic solvents are included. 


The Change in the Absorption Spectra Produced by the Variation 
of the Number and Position of the Auxochromes. 


Previously (T., 1916, 109, 556), the generalisations formulated 
by Georgievies (Monatsh., 1911, 32, 329 et seq.) on the influence 
of hydroxyl groups on the colour cf lakes were criticised, and four 


Fig. 12. 
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rules were formulated which seemed to be more in harmony with 
the facts. Pursuing this point further, the absorption curves of 
(1) alizarin (1:2-dihydroxyanthraquinone), (2) quinizarine (1:4- 
dihydroxyanthraquinone), (3) purpurin (1:2:4-trihydroxyanthra- 
quinone), (4) anthragallol (1:2:3-trihydroxyanthraquinone) in 
sulphuric acid, indicated by the full lines in Figs. 1 to 4 
respectively, have been resolved into symmetrical bands, shown by 
the dotted lines in the figures. It has frequently been suggested 
by various experimenters that the absorption in the visible and in 
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the ultra-violet portions of the spectrum is due to electrons 
associated with masses of various magnitudes, and calculations in 
the case of some substances showing selective reflection gives a 
mass of the order of the molecule. If we take the elementary 
curves in Figs. 1 to 4 and find the ratio of the values of m/e, 
where m is the mass of the electron, e the charge, and p the 
number of electrons per molecule, for each set of elementary curves 
we obtain the numbers in table VIII. 


TaBLE VIII. 


Relative values of m/pe for 
elementary bands. 


Substance. 
Band No. 1. Band No. 2. Band No. 3. 


Alizarin 
Quinizarin 
Purpurin 
Anthragallol 


From Table VIII we see that the value of m/pe for the alizarin 
bands increases with increase in the wave-length of the maximum 
of absorption, whilst the reverse is the case with quinizarin. Toa 
less degree, purpurin and anthragallol show the same effect as 
quinizarin and alizarin respectively. In alizarin, the hydroxyl 
groups are in the positions 1:2, whilst in quinizarin the groups 


are in the 1:4-positions. Similarly, purpurin is 1:2:4- and 
anthragallol is 1:2:3-trihydroxyanthraquinone. Hence from the 
above, and also from the curves in Figs. 1 to 4, it will be seen that 
the effect of the position of the auxochromes seems to be as follows: 
the closer the hydroxyl groups are to each other in the benzene 
nucleus, the broader and less intense become the bands towards 
the red side of the absorption group. A comparison of the curves 
given in the previous paper for these substances in other solvents, 
for example, in potassium hydroxide, bears out the same con- 
clusion. Also it seems to be true that the proximity of the auxo- 
chromes in the benzene nucleus determines the displacement 
towards the red, but the mere displacement towards the red with 
closeness of the auxochromes becomes relatively unimportant when 
compared with the decrease in intensity of absorption and to the 
increase in the breadth of the bands on the red side of the absorp- 
tion group. So far as displacement toward the longer wave-length 
with proximity of auxochromes is concerned, that could be ex- 
plained by an increase in the period of oscillation of the electron 
due to an increase in the capacity of the whole system produced 
by the closer proximity of the auxochromes. The broadening of 
the bands relative to the intensity would be due to the increase 
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in the friction to which the absorbing vibrating electrons are sub- 
jected, for if we take a simple absorption band produced by 
electrons moving according to the equation 

dx ,dz 


n +k— + n°a2=E cos ft. 
dt? dt fi 


7 


then the term a represents the allowance made for friction, and 


the greater the value of k the greater the breadth of the absorp- 
tion band relative to its intensity, that is, the greater the friction 
the broader the absorption bands. 

The results, then, of bringing the auxochromes close together 
in the benzene nucleus are: 

(1) A displacement of the absorption bands towards longer 
wave-lengths, and 

(2) A decrease of the intensity of the bands relative to their 
breadth. 

The latter result produces a greater change on the colour than 
the former. It is responsible for the brown colour of such dyes 
as anthragallol and rufigallol in certain solvents. 


The Absorption Spectrum of Alizarin-Cyanine in Piperidine. 


When a solution of strength V/10* was prepared, 1 cm. thick- 
ness gave the absorption curve (1) in Fig. 13 half an hour after 
preparation. Taking the wave-length where the absorption is a 
maximum as the centre of an absorption band, then curve (1) in 
Fig. 13 gives the bands tabulated in table IX. 


TaBLe IX. 

Band. A. B. C. D. E. F. a. 
Wave-length 5990 5757 5544 5442 5295 5153 65064 
Intensity 0-48 0-526 064 0-613 0-50 0-434 0-354 
Relative order of in- 

tensity 5 3 1 2 4 6 7 

The absorption changes while the observations are being taken, 
so that time readings are necessary to obtain the absorption curve 
at a definite time after the preparation of the solution. Examina- 
tion of the solution immediately it has been prepared shows that 
the bands A, B, and EF are absent, or at least very faint, and that 
with time they begin to appear. When the solution is freshly 
prepared, C is the most intense band, and next in intensity comes 
D. The solution was allowed to remain in the dark for forty- 
seven hours, and the absorption curve was then (2) of Fig. 13. 
(The vessel remained sealed throughout the experiments from the 
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moment when the alizarin-cyanine was added to the piperidine * 
and therefore water vapour and carbon dioxide were excluded.) 


Fie. 13. 
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ammonia. 
The same bands are still present, but #, F, and G@ are only shown 
by a change in the gradient of the curve. The intensity of all 
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the bands has increased, and A and B have increased to a greater 
degree than C and D, with the result that B is now the band of 
maximum intensity. The wave-lengths corresponding with the 
maxima of A and B have increased. That need not be considered 
as due to any shift of the bands, but merely as the natural dis- 
placement of the maxima caused by the change in the relative 
intensities of the A and B bands with respect to the C and D 
bands. Curve (3), Fig. 13, gives the absorption of the same thick- 
ness of the same solution seventy-one hours after preparation. 
The intensity of absorption throughout has decreased. The bands 
A and B still remain distinguishable, but C and D have become 
merged into one band. After ninety-five hours from preparation 
the same solution has only two bands remaining, namely, B and 
D, with a slight suggestion of A. The intensity has decreased 
further and the fading continues. The wave-lengths of maxima 
of absorption are now 5902 and 5454, and comparing the absorp- 
tion curve (4) with the curve for alizarin-cyanine in concentrated 
ammonia solution (5), a strong resemblance is observed. 

Fading of the solution, or, what is the same thing, general 
decrease in intensity of the absorption throughout, must be ex- 
plained by a decrease per unit volume of the number of vibrating 
systems giving the various bands, but the disappearance from the 
absorption curve of the individual bands A, C, FZ, F, and @ can 
only be explained by a broadening of these bands. This, on the 
ordinary mechanical theory, would mean that the frictional 
element in the forced vibrations causing these bands was increased, 
and that therefore systems with periods differing from the true 
natural period by large amounts are made to resonate. It is not 
assumed that the individual bands A, C, F, F, and G have dis- 
appeared entirely, but they have broadened to such a degree that 
the observed curve does not show them resolved as separate bands. 

The conclusion drawn previously (T., 1916, 109, 555), that 
“the more electropositive the nature of the radicle attached to the 
conjugate chain the longer will be the wave-length of the maxi- 
mum of the absorption band,” is supported by the comparison of 
the absorption curves of alizarin-cyanine in alcohol and in 
piperidine. In this case, the absorption curve of the solution in 
piperidine shows an intensification of the bands toward the longer 
wave-length and a diminution of the intensity of the bands towards 
the shorter wave-length. With the solution in potassium hydr- 
oxide, and the dyed fabrics on chrome, alum, and tin mordants, 
the absorption curves were broad and did not show the separate 
bands as such. This would mean that the friction is much greater 
on these mordanted fabrics and also in the potassium hydroxide 
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solution than in the alcoholic solution, and the displacement of 
the centre of the broad resultant band would then be given } 
the increase of the intensity of the elementary bands towards the 
red end of the spectrum when the electropositive nature of the 
radicle is increased. 

Dacca COLLEGE, 


Dacca, E. BencAt, 
INDIA. | Received, May 25th, 1917.] 


LXXX1V.—Aetion of Phenylhydrazine on Opianie, 
Nitro-opianic, and Phthalonic Acids: Some 
Derivatives of Hydrazo- and Azo-phthalide. 


By PRAFULLA CHANDRA MITTER and JNANENDRA Natu Sev. 


Tue action of phenylhydrazine on opianic and nitro-opianic acids 
was first studied by Liebermann (Ber., 1886, 19, 763), who found 
that in the case of opianic acid one molecule of the acid reacts 
with one molecule of phenylhydrazine, with the elimination of two 
molecules of water and the formation of a compound insoluble in 
alkalis, to which he attributed a ring structure. 

In the case of nitro-opianic acid, an intermediate product soluble 
in alkalis, which therefore was regarded as the ordinary phenyl- 
hydrazine derivative of nitro-opianic acid, was isolated. This sub 
stance could be purified by dissolving in cold acetone and pre- 
cipitation with water. On recrystallisation from glacial acetic 
acid, however, it was converted into a compound insoluble in 
alkalis and containing one molecule of water less than the phenyl- 
hydrazine derivative, and to this compound too a ring structure 
was assigned. 

A behaviour similar to that of opianic acid on treatment with 
phenylhydrazine had been observed by Roser in the case of 4 
number of o-keto-carboxylic acids (Ber., 1885, 18, 802). In every 
case, from one molecule of keto-acid and one molecule of phenyl- 
hydrazine two molecules of water instead of one were eliminated, 
with the formation of ring compounds. Intermediate phenyl 
hydrazine derivatives formed by the primary action of phenyl- 
hydrazine on the aldehydo-group could not be obtained. 

For the preparation of these compounds, Roser heated the sub- 
stances in alcoholic solution with phenylhydrazine and acetic acid, 
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whilst Liebermann treated the substances in aqueous solution with 
phenylhydrazine hydrochloride and sodium acetate. In both cases 
the reaction took place in the presence of acetic acid. 

It has been found that in ethereal solution and with the free 
base the reaction takes place in a novel manner, with the loss of 
only one molecule of water. The products can in some cases be 
crystallised from dilute acetone. They vary in their degree of 
stability, and in some cases remain unchanged for days, especially 
during the cold season. 

On treatment with acetic acid, the substances are instantaneously 
converted, by loss of a further molecule of water, into ring com- 
pounds identical with those obtained by Liebermann and others. 

For the phenylhydrazine derivative (for example, from opianic 
acid) we have the choice of two alternative formule, 


/SCH:N-NHPh |, | \\CH(NH-NHPh)s, 
MeO. 00,1 MeOl CO 
\ 


MeO MeO 
(I.) (II.) 


We are in favour of formula II, because on subsequent oxida- 
tion with mercuric oxide in acetone solution, the phenylhydrazine 
derivatives are converted into deep-coloured substances which give 
all the usual reactions of azo-compounds. The formation of an 
azo-compound by oxidation is a definite indication in favour of 
the hydrazo-structure. With the ordinary formula, such a change 
cannot be explained without assuming a considerable amount of 
molecular rearrangement and redistribution of linkings. 

The azophthalides which have been prepared in this way repre- 
sent an altogether new class of azo-compounds. 

The mechanism of the reaction in this case, and in the case of 
amines generally, appears to be as follows. The elimination of 
water takes place, in the first instance, between the aldehydo-group 
on the one hand and the amino- or imino-group on the other. The 
hydrogen atom of the carboxyl group subsequently oscillates to 
the nitrogen, forming a phthalide ring. 

In the case of a primary amine, the change may be represented 
thus: 


\/Ncu:nR al Ye 
pp —P ifm 


H(NHR)s, 5, 


In the case of secondary amines, two molecules of the amine react 
with one molecule of the aldehyde, and when the hydrogen atom 
of the carboxyl group oscillates to the nitrogen atom, a molecule 
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of the amine is regenerated, which is at once detached from the 
condensation product, thus: 


\/NcH(NRR), —_, \/ NcH(N 
 }cO,H co— 
“fi y, \Z 
In the case of phenylhydrazine the action is exactly similar, thus: 
\/\cu:N-NHPh =” NOH (NH-NHPh).,, 
. CO,H \ co 
af ie 
The formation of stable azo-compounds by oxidation would thus 


be readily explained, and they would have the structure repre- 
sented below: 


RR) S04 NHRR’. 


Y \cn(NH: NHPh 
A 

The oscillating hydrogen atom can, of course, revert at any 
moment to the original position, which it apparently does in acid 
and alkaline media. This explains the solubility of the substance 
in alkalis, as well as the formation of the phthalazone ring under 
the dehydrating influence of different acids. 

On oxidation to the azo-compounds, the hydrogen atom is 
removed, with the result that the products become insoluble in 
alkalis, unlike the hydrazo-compounds. 

Such oscillation of hydrogen of the carboxyl group to doubly 
or trebly linked atoms or radicles in the o-position with respect to 
the carboxyl group is not without many parallels. 


>o — 


EXPERIMENTAL. 
Interaction of Phenylhydrazine and Opianic Acid. 


Opianic acid is rather sparingly soluble in ether, but on adding 
the acid to an ethereal solution of phenylhydrazine it dissolves 
readily. The solution on keeping deposits minute crystals of the 
phenylhydrazine derivative. 

Five grams of phenylhydrazine hydrochloride were treated with 
sodium hydroxide, and to the ethereal solution of the liberated 
base 5 grams of opianic acid were gradually added with constant 
stirring, the vessel being kept cool with ice-water. The acid dis- 
solved, and on scratching the sides of the vessel minute crystals 
soon appeared. To ensure completion of the reaction, the mixture 
was allowed to remain for about half an hour. The precipitate 
was washed repeatedly with ether and then dried in the air. The 
yield was 5°5 grams. 
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The substance crystallises from dilute acetone in pale pink 
needles melting and decomposing at 146°. It is soluble not only 
in dilute alkali carbonate, but also in dilute sodium hydroxide and 
ammonia, and less readily so in sodium hydrogen carbonate. In 
the cold it does not dissolve in hydrochloric acid, but on warming 
solution takes place. Concentrated nitric acid dissolves it immedi- 
ately, with the evolution of nitrous fumes and the production of 
a deep red colour. With concentrated sulphuric acid, it gives no 
colour. Acetic acid transforms it into the ring compound: 

0°1454 gave 0°3413 CO, and 0°0786 H,O. C=64:02; H=601. 

00996 ,, 79 cc. Ny at 21°5° and 760 mm. N=9°19. 

C,gH,0,N2 requires C=64°00; H=5°33; N=9°33 per cent. 

The substance was dissolved in dilute standard alkali and the 
excess of alkali titrated with standard oxalic acid. It was found 
to be monobasic. 

0°1889 required 6°4 c.c. V/10-acid, whilst this weight of a mono- 
basic acid of the above formula requires 6°28 c.c. V/10-acid. 


Phenylazomeconin. 


One gram of phenylhydrazomeconin (formula II) was dissolved 
in 25 c.c. of pure acetone (free from methyl alcohol) and heated 
on the water-bath with 4 grams of red mercuric oxide, the liquid 
being kept almost at boiling point. The colour of the solution 
gradually changed to crimson-red. After remaining overnight, the 
mixture was filtered and the filtrate allowed to evaporate in the 
air, when a pasty mass was left which became hard on treatment 
with ether. The substance was dissolved in acetone and ether 
added to the solution. A pale yellow, flocculent precipitate was 
formed which had a tendency to become tarry, and, after removing 
this by filtration, the filtrate was allowed to evaporate in a vacuum 
over sulphuric acid. A residue was left which, after crystallisa- 
tion from dilute acetic acid, was obtained as a yellow, crystalline 
powder melting at 164°. 

Phenylazomeconin gives all the usual reactions of an azo-com- 
pound. With concentrated sulphuric acid it gives a violet colour. 
The colour of the substance itself is discharged by treatment with 
a solution of stannous chloride and hydrochloric acid. It dissolves 
1n glacial acetic acid with a red colour, which intensifies on warm- 
ing. If to this solution zinc dust is added and the whole heated 
for a moment, the colour changes to pale yellow, with the forma- 
tion of a precipitate. In alcohol, it dissolves with a pink colour, 
which deepens on the addition of alkalis. It is readily soluble in 
acetone, chloroform, or benzene: 
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0°1034 gave 0°2438 CO, and 0°0449 H,O. C=64'°34; H=4°89. 
01003 ,, 84 cc. N, at 25° and 760 mm. N=9°59, 
CygH4O,N> requires C=64°43; H=4'69; N =9°'39 per cent. 


Phenylopiazone. 


One gram of phenylhydrazomeconin was dissolved in hot glacial 
acetic acid, the solution boiled for about five minutes, and water 
added, when the ring compound was precipitated in almost colour- 
less flakes. It was purified by redissolving it in dilute acetic acid 
and boiling with animal charcoal. On filtration and cooling, 
crystals separated which were perfectly transparent and melted 
sharply at 175° (Found: C=6862; H=5°26. C,,H,,0,N, 
requires C=68°08; H=4°96 per cent.) This substance is identical 
with the opianylphenylhydrazide described by Liebermann. 

It is insoluble in alkalis or alkali carbonates and does not 
develop any colour with concentrated sulphuric or nitric acids. 


Interaction of Phenylhydrazine and Nitro-opianic Acid. 


To an ethereal solution of phenylhydrazine (from 1°5 grams of 
the hydrochloride) 1 gram of nitroopianic acid was gradually 
added. In a few minutes, after solution was complete, a red oil 
settled to the bottom, which, on stirring, solidified to a crystalline 
mass, which was collected and washed with ether. It crystallised 
from dilute acetone in red needles melting at 184° (Found: 
N=12°26. C,,H,,0O,N,; requires N=12°17 per cent.), evidently 
identical with Liebermann’s “ nitro-opianic acid phenylhydrazine.” 
The substance is soluble in alkalis or alkali carbonates. With 
sulphuric acid it gives but a pale green colour. 


Phenylazonitromeconin, 


Phenylhydrazonitromeconin (08 gram) was dissolved in 15 c.. 
of pure acetone, and 1°5 grams of red mercuric oxide were added. 
The liquid was kept gently boiling on a water-bath under reflux 
for about two hours, after which it was.left at the ordinary 
temperature for twenty-four hours. The mixture was then filtered, 
the residue repeatedly extracted with boiling acetone, and the 
acetone solution evaporated, when a brick-red, crystalline mass was 
obtained. This was treated with excess of sodium carbonate to 
remove any trace of the hydrazo-compound, thoroughly washed 
with water, and crystallised from dilute acetone, from which it 
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separated as an orange, crystalline powder melting sharply at 217°. 
The substance is sparingly soluble in acetone and insoluble in all 
other common solvents. With concentrated sulphuric acid it gives 
a blue colour: 
0:0959 gave 0°1976 CO, and 0°0286 H,O. C=56°19; H=3°32. 
01632 ,, 17 cc. Ng at 20° and 760°01 mm. N=12'14. 
C.H,,;0gNs requires C=55°97; H=3'79; N=12°26 per cent. 


Interaction of Phenylhydrazine and Phthalonie Acid. 


With phthalonie acid and phenylhydrazine an intermediate 
hydrazo-compound was obtained which could be oxidised to the 
corresponding azo-compound by means of mercuric oxide in acetone 
solution. It was also converted into the corresponding ring com- 
pound by dehydration with acetic acid. The hydrazo- and azo- 
compounds have not, however, been obtained in a condition 
sufficiently pure for analysis. 


Phenylphthalazonecarbozylic Acid, 
“\cO—-NPh. 
\ J (CO) N 


One gram of phenylhydrazophthalidecarboxylic acid was dis- 
solved in warm glacial acetic acid and hot water added to the solu- 
tion. On cooling, crystals of the ring compound were obtained in 
matted needles melting at 208°. The substance is identical with 
the anhydrophenylhydrazine-o-carboxyphenylglyoxylic acid pre- 
pared by Henriques (Ber., 1888, 21, 1610). 


Further investigations are in progress. 


Sir T. N. Paurr LaBoratory, 
CoLLEGE OF SCIENOE, 
UNIVERSITY oF CALCUTTA, (Received, June 18th, 1917.] 


SEYLER AND LLOYD: 


LXXXV.—Studies of the Carbonates. Part III. 


Lithium, Calcium, and Magnesium Carbonates, 


By Ciarence ArtHUR SEYLER and Percy Vivian Ltoyp. 


Lithium Carbonate. 


Arr was drawn through an W/10-solution of lithium hydrogen 
carbonate at 25°. The percentage of carbonic acid in the air was 
determined as in the previous paper (this vol., p. 138), by dravw- 
ing air through an V/10-solution of sodium carbonate. 

ce=100°5x10-3 gram-equivalents per litre [H,CO,]=0°0105x 
10-8, 

100z=hydrogen carbonate 40°65 per cent. 

100(1 — x) =carbonate 59°35 per cent. 

This result is identical within the limits of experimental error 
with that for sodium carbonate at the same concentration, and 
gives ‘ = 5326. 

Air was drawn through water containing lithium carbonate in 
excess. c=363x10-% equivalents. 


5 = 4272 


100z=hydrogen carbonate 23°4 per cent. \e B 


100(1 —xz)=carbonate 76°6 per cent. 

This result agrees with McCoy’s value for sodium carbonate at 
the same concentration. 

Lithium carbonate, when shaken with water alone (c=338x 
10-8), behaved analytically like a pure carbonate. It is evident, 
therefore, that the ionisation of lithium carbonate and hydrogen 
carbonate can be taken as equal to that of sodium carbonate and 
hydrogen carbonate. 

A series of experiments was made, the results of which, although 
only preliminary, are worth recording. Lithium carbonate was 
shaken with water containing increasing amounts of carbonic acid 
in bottles without air space until equilibrium was presumed to be 
reached. The proportion of carbonate and hydrogen carbonate to 
total base was ascertained by double titration without special pre 
cautions, except against loss of carbonic acid. The solid phase, 
even when the solution contained chiefly hydrogen carbonate, 
appeared to be lithium carbonate, as determined by dissolving 4 
portion in pure water and titrating as above. The concentration 
of the free carbonic acid was not determined, but can be approximl- 


ately calculated by the equation [H,CO,]= 


ks a 


as 
kg 
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small in any case. The object was to ascertain whether the solu- 
bility product [Li}*x[CO;] was approximately constant. Such 
experiments would afford a criterion as to whether the intermediate 
jon LiCO, really exists, since if it does the lithium ion concentra- 
tion will be [HCO,]+ [LiCOg,] + 2[CO,], whilst if it does not, it will 
be [HCOs| + 2[COg]. 

If » is the molecular concentration of the total hydrogen 
carbonate and ¢ that of the carbonate, as determined by analysis, 
we should have in the first case [Li]=a(b+c)+c, and in the 
second [Li’]=ab+28c; B is taken to be the same as for sodium 
carbonate at the same total lithium concentration and a to be the 
same as for sodium acetate at the same molecular concentration, 
that is, at the concentration b+e¢. The non-ionised [Li,CO,] will 
be (l—a)d and the [LiCO,|=c(a— 8). 


Equivalent 

concentration. 
b+ 2e. b+e. b. 
338 x 10-3 169 x 10-3 0 
224 . 85 
215 66 
248 110 
282 158 
635 570 
773 728 


[COg]. [Li.] (Li’]. [Li] x 2{CO,}. [Li’] x 2[CO,]. 
49-85 x 10-? 176-5x 107% 99-7 x 10-3 1-553 x 10-3 0-495 x 10-8 
39-60 200-9 140-4 1-598 0-780 
42-50 197-3 132-5 1-654 0-740 
37-9 214-0 153-9 1-736 0-89 
33-2 230-6 177-0 1-765 1-04 
12-1 389-9 363-2 1-84 1-59 

7-42 441-2 422-5 1-46 1-32 


[HCO,]. c. 
0x10-3 169x 107% 
61-2 139 
47-5 149 
781 138 
110-6 124 
339-0 65 
407-7 45 


a 


Ot Ot sa sa sas 8 


eooooeo 
SSoemnwnwa 


me rororror ® 
HSoAr-310Dnae ” 
Criss =3 Or Cr Or Cr 


On the assumption of an intermediate ion, the value of 
[Li x[CO,] is fairly constant, whereas on the other assumption 
there is no constancy until the effect of the intermediate ion 
becomes negligible. It will be found that although [Li]? x [COs] is 
approximately constant, the non-ionised [Li,CO,] diminishes, so 
that Cary) =k k, increases. Since [14] x [005] =k, is 

[ Li,CO,} | LiCO,] 
roughly constant * (see this vol., p. 143), it follows that the pro- 
duct [Li]x[LiCO,] must also be approximately constant. It 
seems, therefore, that it is the non-ionised molecule that does not 
follow the law of mass action, or of which the concentration is not 
a true measure of the active mass. These experiments indicate a 
line of research which is worth pursuing by experiments in which 
all the conditions are accurately controlled. 
* k, increases with the concentration, but much less rapidly than k,. 
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Calcium Carbonate. 


Stieglitz (Carnegie Institution Pub., 1909, No. 107) and McCoy 
and Smith (J. Amer. Chem. Soc., 1911, 33, 468) have calculated 
the solubility product [Ca] x [CO,]=4, of calcium carbonate from 


the value of 2 (Ca] x [COs] obtained by Schloesing (or by McCoy 
8 


and Smith). 
a used the value ks=6°2x10-'! and McCoy and Smith 


5°5 x 10-11, 

It has been shown (Part II., Joc. cit.) that these values are prob- 
My nim 
k, 


ably too high. We found the values k,;=4°27 x 10-", 


and hr =19°2x10-5. Consequently, the value of [Ca] x [CO,]=s, 


3 
obtained by Stieglitz and by McCoy and Smith is too high. Taking 
the result of McCoy and Smith’s eprom we have 
2th =102'5 x 10-*, whence [Ca] x [CO,]=#,=71°9 x 10-™ at 25°, 

McCoy and Smith calculated it to be 93x10-' and Stieglitz 
126 x 10-1, 

This high result explains why the calculations of the solubility 
of calcium carbonate in pure water have hitherto been materially 
larger than the value found by experiment. 

McCoy and Smith, for instance, calculated it to be 16°6x10- 
gram-molecules per litre at 25°, whilst Kendall (Phil. Mag., 1912, 
[vi], 23, 958) found only 14°33 x 10-5. 

We recalculate it on a basis of [Ca] x[CO,]=71°9 x 10-™, as 
follows: The pure calcium carbonate is largely hydrolysed at this 
dilution, thus: 

CaCO, + 2H,O = Ca(OH), + Ca(HCO,),, 
where the concentration [HCO,]=[OH]. Therefore 


[Ca] =[C0,] + UECOs] — + [08] = [CO,] + [HCO,]. 


Also 
[HCO,]x[OH]_ %. _ [HCO,} 
[CO,] ky [O0,] © 
If 100z is the percentage of the calcium carbonate hydrolysed, 
[HCO,]= [Ca], 
[CO,]=(1- {Ca 


~[Ca] = fen] 92 x 10-4, 
k, 
But [Ca] x ansctot —x)=71°9 x 10-™, 
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We have two equations for [Ca] and « which are satisfied by 
[Ca]=14°6 x 10-5 and «=0°666; that is to say, the solubility of 
calcium carbonate will be 14°6x 10-5 gram-molecules per litre, of 
which two-thirds will be hydrolysed. The alteration of : to 

3 
167x 10-4 will make very little change. [Ca] will become 
14°24x 10-5 and «=0°645. 

The solubility of calcium carbonate, using normal air, can also 


be calculated : 


fHCO,}? D4 ¢ as Yx — j = 
(00,].[H,C0,) =7124 [Ca]x[CO,]=71-9x10-!© [HCO,] 
2([Ca] - [CO,)}). 


Therefore, 
(Ca}-[00,)*_ 712471004) 
[CO,] : 

For air containing 0°037 per cent. of carbon dioxide [H,CO,] at 
95° will be 1°221 x 10-5. This will give [a]=54°7 x 10-‘, but Ken- 
dall found considerably less. His result appears to be low. In an 
experiment conducted at about 15° it was found that after twenty- 
eight days the solubility of powdered limestone suspended in water 
through which air from outside the laboratory was drawn was 
337x 10-5. After sixty-nine days it rose to 54:2 x 10-5, and after 
two hundred and forty days to 57°5 x 10-5, so that equilibrium is 
only slowly reached. 

Assuming 0°033 per cent. of carbon dioxide in the air, [H,CO.] 
at 15°=1'475x10-5. This will give [a|=58'2x10-5, against 
57°5 x 10-5 found. 

For air containing 0°0333 per cent. of carbon dioxide, Schlesing 
found (at 18°) 54°88 x 10-8. 

The solution of the carbonate in equilibrium with air was found 
to have a slightly alkaline reaction to phenolphthalein. (For a full 
discussion of the subject, see Johnston and Williamson, J. Amer. 


Chem. Soc., 1916, 38, 975.) 


Magnesium Carbonate. 


Bodlander has calculated the ratio 
. 2 
[Mg al ee elma) x [CO,]. 
from Engel’s experiments on the solubility of crystallised 
magnesium carbonate, MgCO,,3H,O, in water containing carbonic 
acid under pressures of from 4 to 6 atmospheres. At these tensions 
the carbonate is a stable solid phase. The difficulty presents itself 
that the carbonate, unlike calcium, barium, or strontium carbon- 
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ates, is not sparingly soluble. Engel states that it is soluble in pure 
water to the extent of 11°5 x 10-% gram-molecules per litre at 12°59, 
and Bodlander assumes that 56 per cent. is dissociated, giving a 
concentration of 5°06 x10-% for the non-ionised part, which Bod- 
lander deducts in calculating the concentration of the magnesium 
and hydrogen carbonate. However, this is erroneous. Crystallised 
magnesium carbonate has no definite solubility in pure water. It 
is decomposed into basic compounds, and the solution contains 
magnesium hydrogen carbonate with a certain amount of ionised 
and non-ionised carbonate. 

The magnesium in solution depends on the ratio of water to solid 
employed, and the equilibrium takes some time to reach completion. 
The following results bearing on this question were obtained. The 
total carbonic acid was determined by Dittmar’s ‘ vacuum method’ 
(“‘ Quantitative Chemical Analysis,” p. 227) used by him for sea- 
water, the ‘ fixed’ carbonic acid by titration with methyl-orange as 
indicator : 

[CO] 
Time ' Water Cég Cmg(HCo,)2 {[MgOy 
(days). “Solid ° 2° ~ 2” ~*~ Cmgcos. in solid» —[H,CO,). 
440 unknown 5-98x10-* 1-58x10-* 2-20x 10-3 0-775 
440 370 8-48 3-48 2-50 0-772 
15-96 10-21 87 -- 0-0103 x 10-8 


335 unknown 31-0 29-15 0-79 
47. «17s«ATS 34-1 0-84 


0-79 
0-79 


47 8560-0 46-6 
47 2-0 76-62 63-5 


2. 
4-57 
6-70 

338 unknown 48-9 33-9 7-50 — 
6-70 
6.56 


The subject deserves careful investigation, but it is evident that 
the carhonate below a certain tension of carbonic acid is decom- 
posed until the solid phase is not far removed from hydromag- 
nesite, 3MgCOs,Me(OH),,3H,O (ratio, (are) = 07>) which is, 

2,9 tts = 
5 
stable over a fairly wide range of concentration of carbonic acid. 
The magnesium remains in solution largely as hydrogen carbonate, 
with a proportion of carbonate both ionised and non-ionised. The 
main reaction is approximately 


5MgCO, + 2H,0 = 3MgCO,,Mg(OH), + Mg(HCO,)». 


Consequently, the greater the amount of magnesium carbonate in 
relation to the water the greater is the concentration of the solt- 
tion. The dissolved carbonate with increasing concentration (and 
when sufficient time is allowed) becomes nearly constant at a value 
about 7°5 x 10-5 gram-molecules per litre. This is probably almost 
entirely non-ionised. The following experiments show that mag 
nesium carbonate is only slightly ionised, even at high dilutions. 
Air was drawn through water containing magnesium carbonate 


| pure 
12°5°, 
ing a 

Bod- 
esium 
lised 
r. It 
itains 
nised 


solid 
ation. 
The 
hod ’ 
> sea- 
ge as 
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in suspension at 25°. The percentage of carbonic acid in the air 
was determined by drawing it through an V/10-solution of sodium 
carbonate and determining the proportion of hydrogen carbonate 


and carbonate. 
Total magnesium in solution = 15°96 x 10-3 gram-equivalents per 


litre. Hydrogen carbonate=63°97 per cent. ; carbonate=36°03 per 
cent. Concentration of free carbonic acid=0°0103 x 10-8: 
= ___ '¢3l? 
“2°87 x 0:0103 
A similar experiment was made with a solution of about the same 
concentration, but no solid was present. 
Total maguesium in solution=18°65 x 10-% gram-equivalents. 
Hydrogen carbonate = 60°48 per cent. ; carbonate = 39°52 per cent. : 
ee 
° 3°42 x 0°0103 
The mean value of &, is 3566 for a concentration of 17°3 x 10-3 
equivalents. Taking the ionisation of the magnesium hydrogen 
carbonate as equal to that of magnesium nitrate, say, 0°84, we cal- 
culate 8 as follows: 


= 3520. 


= 3612. 


_ 3566 wie 
= 0°353. 
~ 7124 
Evidently even at an equivalent concentration of 1773 x 10-8 
magnesium carbonate is only slightly ionised. From the above 
experiments we calculate the relation : 


It would be possible by careful experiments to determine 8 for 
higher concentrations, but it is evident that at such concentrations 
as obtained in Engel’s experiments the magnesium carbonate will 
be practically non-ionised. Some experiments of Treadwell and 
Reuter (Zeitsch. anorg. Chem., 1898, 17, 200) are unfortunately 
not available for calculating 8, since the solutions are not in true 
equilibrium with the gaseous phase, but they show that beyond 
concentrations of magnesium of 50x 10-° equivalents the amount 
of carbonate is practically constant. The maximum value is 
90 x 10-8 gram-molecules per litre. We will take this as the con- 
centration of the non-ionised carbonate in Engel’s experiments. 
These were carried out at 12°5°. The concentration of the free 
carbonic acid has to be calculated from the pressure, which is not 
strictly correct for carbonic acid: 
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Pressure. 

Atmo- 

spheres. CmMg—9). a. tMg]. {HCO,}. [H,CO,}. 
0-5 245x 10-* 0-686 168-1x10-* 336-2x10-% 21-55~x 10-3 

316 0-680 219-8 429-6 41-80 
374 0-675 252-4 504-8 i 
407 0-672 273-5 547-0 
435 0-670 291-5 583-0 
456 0-669 305-0 610-0 
509 0-666 339-0 678-0 
603 0-662 399-2 798-4 


PD 0 00 00 nw 


Mean 


The concentration of the CO, ion is caleulated from the relation: 


__[HCO,} 
(H,CO,] x 7120 


[COs] — 


From these figures we may calculate the value of the “solubility 
product,” [Mg] x [CO,], namely, 141-2 x 10-°, 
These estimates of the “ solubility product” must be subject to 


correction for the value of ky which is strictly only known for 25°. 
3 


Conclusions. 


(1) Lithium carbonate is ionised to the same extent as sodium 
carbonate. The ionisation takes place in two stages, Li,CO,=Li+ 
LiCO, and LiCO,=Li+CO,. Consequently, the concentration of 
the lithium ion is more than double that of the CQ, ion, and can 
be calculated. If this is done, it is found that the “ solubility 
product,” [Li]? x[CO,], is practically constant over a wide range, 
thus confirming the assumption made. 

(2) The solubility product of calcium carbonate, [Ca] x [COs], is 
about 71°9 x 10-1, and has hitherto been put at too high a value. 
It is shown that this agrees with a solubility of calcium carbonate 
in pure water of [Ca]=14°6 x 10-5, and that the salt is hydrolysed 
to the extent of 66 per cent. 

(3) Crystallised magnesium carbonate has no definite solubility 
in pure water. It decomposes into basic carbonates and magnesium 
hydrogen carbonate, whilst a certain amount of carbonate is also 
dissolvel. Over a wide range, the reaction approximates to 
5MgCO, + 2H,O = 3MgCO,,Mg(OH), + Mg(HCO,),. The larger the 
amount of carbonate in relation to the water the larger is the 
amount of dissolved hydrogen carbonate, but the carbonate tends 
to reach a limit. 

(4) It is shown that at an equivalent concentration of 17°3 x 10-° 
magnesium carbonate is only ionised (as regards the CO, ion) to the 
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extent of about 35 per cent., and probably at high concentrations 
it is only very slightly ionised. 

The “solubility product’ of magnesium carbonate at concentra- 
tions of free carbonic acid at which the carbonate is a stable solid 
phase has been calculated from Engel’s experiments, and is found 


to have the value 141 x 10-®. 
[Received, August 25th, 1917.] 


International Atomic Weights. 


Tue Council has ordered the following letter and Table to be 
printed in the Journal of the Society: 


WHINFIELD, 
SALCOMBE, 
8S. Devon. 
October 1st, 1917. 
Dear Sirs, 

I beg to inform you that the International Atomic Weight 
Committee have decided to intermit their Annual Reports, owing 
primarily to the fact that certain of its members are largely 
occupied with matters arising out of the War, and that it has 
been found difficult owing to the interruption of communications 
to keep in correspondence. Furthermore—and this is the more 
important circumstance—practically all experimental work on 
the subject of Atomic Weights is for the time being interrupted ; 
indeed, with the entrance of the United States of America into 
the War, it may be said to be for the present wholly at an end, 
and no memoir of importance has made its appearance since the 
issue of the last Report. 

As no change has been shown to be required in the Table last 
published, it is suggested that it should be reprinted as it stands 
and regarded as current for 1918. 


I am, GENTLEMEN, 
Your obedient Servant, 
T. E. THorpe. 
The Hon, Secretaries, 
The Chemical Society, 
Burlington House, 
London, W. 


INTERNATIONAL ATOMIC WEIGHTS, 


1918. 


International Atomic Weights. 


Aluminium 
Antimony 
Argon 
Arsenic 


Dysprosium 
Erbium 
Europium 
Fluorine 


Krypton 
Lanthanum 


Lithium 
Lutecium 


Atomic | 
weight. | 
27°1 | 
120°2 | 


| 
39°88 
74°96 
137°37 
2080 
11°0 | 
79°92 | 
112°40 
132°81 
40°07 | 
12°005 | 
140°25 | 
35°46 
52°0 
58°97 
93°1 
63°57 
162°5 
167°7 
152°0 
19°0 
157°3 
69°9 
72°5 
9°1 
197°2 


Symbol. 


Niton (radium emanation) Nt 
Nitrogen 


Phosphorus 
Platinum 


Praseodymium 
Radium 


SI i cncbcdinmiiiane rh 
Selenium 


Nico ctcmannacciadeasanen 
Strontium 

Sulphur 

Tantalum 

Tellurium 

Terbium 

Thallium 

Thorium 

Thulium 

Tin 

INI... Jcustuysoentodumie 
Tungsten 


Ytterbium (Neoytterbium) Yb 
Yttrium Yt 
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LXXXVI.—The Temperature of Ignition of Gaseous 
Mixtures. 


By James Watiace McDavip. 


Numerous methods for the determination of the ignition-tempera- 
ture of gaseous mixtures are to be found in the literature, and 
these have already been classed into three groups by Dixon and 
Coward (T., 1909, 95, 514) in their paper on this subject. 

The experimental conditions governing this division are as 
follows : 

I. A bulb containing the gaseous mixture was plunged into a 
bath which was maintained at a constant temperature. 

II. A mixture of the gases was passed through a tube in a bath 
which was gradually being heated. 

III. The gaseous mixture was compressed adiabatically, and 
from the pressure required to ignite it, the temperature of the mix- 
ture at the ignition-point was calculated. 

In each of the above methods, the gaseous mixture is retained 
in the state necessary for ignition for some considerable time, and 
it is quite possible, therefore, that before the ignition-temperature 
is reached a state of slow combustion ensues which generates 
sufficient heat to raise the remainder of the gaseous mixture to its 
ignition-point. 

With regard to the third method, which was that used by Falk 
(J. Amer. Chem. Soc., 1906, 28, 1517; 1907, 29, 1536), Dixon 
and Coward point out that the temperature of ignition of a 
gaseous mixture under abnormal pressure may be totally different 
from that of the same mixture under normal pressure. 

In the method adopted by Dixon and Coward, the two gases 
were allowed to flow through two concentric tubes, which were 
heated in an electric furnace, and allowed to mix at the top of 
the shorter (inner) tube. A thermo-couple was placed near to 
the nozzle of the inner tube. In these experiments, in addition 
to the time factor, the fact that the gases are flowing must also 
be taken into consideration, and the results obtained by these 
authors show that the rate of flow and the size of the nozzle of 
the inner tube affect the results; for example, when the rate of 
flow of hydrogen was very slow, namely, 2°4 c.c. per minute, and 
the rate of flow of oxygen was 50 c.c. per minute, the temperature 
of ignition was 792°, whilst when the rate of flow of hydrogen 
was 19 c.c. per minute, oxygen still flowing at 50 c.c. per minute, 
the ignition-temperature was found to be 599°. These authors, 
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however, give in their paper a definition as to what they have 
takeir as the temperature of ignition 

It seems that it is advisable to eliminate as far as possible the 
time factor in determining the ignition-temperature, and it js 
also preferable to have a stationary volume of gas. 

In table I the results obtained by various workers for several 
gaseous mixtures are given. 


TaBLe I. 


Iynition-temperatures of Different Gaseous Mixtures. 


Gases. 
Hydrogen and 
Oxygen. 


Methane 
Oxygen. 


99 


Observer. 
Meyer, Krause, 
Askenasy. 


Bodenstein. 

Meyer and Freyer 
Gautier and Hélier 
Hélier 


Falk 


Dixon and Coward 
Meyer and Freyer 


Meyer and Munch 


Reference. 

Annalen, 1891, 264, 85; 
ibid., 1892, 269, 49, 2421 
Zeitsch. physikal. Chem., 
1893, 11, 28. 

Ibid., 1899, 29, 665. 

Ber., 1892, 52, 662 

Compt. rend., 1896, 122, 
556 

Ann. Chim. Phys., 1897, 
{vii}, 10, 521. 

J. Amer. Chem. Soc., 1906, 
28, 1517; 1907, 29, 
1536. 

-, 1909, 95, 514 


Zeitsch. physikal. Chem., 
1893, 11, 28. 

Ber., 1893, 26, 2421 

loc. cit. 


‘Temperature 


of ignition 
found. 


518 —606° 


653—71L0 
700 
840 
845 


514—540 


580—590 
606—650 


656—678 
556—700 


os Dixon and Coward 
Ethylene 530—606 
Oxygen. 
9 Meyer and Munch 
Dixon and Coward 


Meyer and Freyer 


577—590 
500—519 


650—730 


’° °° 
Carbon 
oxide 

oxygen 


mon- 
and 


Meyer and Freyer 


Combined 
quietly 
637, 658 


Meyer and Munch 
Dixon and Coward 


The methods now described 
possible, the time factor. 


eliminate, so far as is practically 
The temperature of ignition in these 
experiments is taken to be that temperature to which the gaseous 
mixture must be heated by the application of a hot body, so 4s 
to cause instantaneous ignition. 

The temperature of ignition has in the present work only been 


determined for various gases when mixed with air. Dixon and 
Coward have, however, shown that there is very little difference 
in the temperature found when air or oxygen respectively 18 


employed. 


ture 
ion 
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The first set of experiments described below was originally 
undertaken with a view to obtain comparative values for the 
temperatures of ignition of various gases, but the results seemed 
of sufficient value to warrant further work being carried out. As 
a consequence, numerous variations and improvements were intro- 
duced, and finally a method was devised which was simple, rapid, 
and capable of giving accurate results 

Details of all the variations of the method have, however, been 
included, as several of them appear to be useful for comparative 
purposes at least, although not sufficiently accurate for the deter- 
mination of absolute values. The results obtained by the method 
finally adopted for the ignition-temperatures of the various gases 
tested are given below: 

Coal gas-air 

Ethylene—air 
Hydrogen-air 

Carbon monoxide-air 
Petrol (fraction 0—80°)-air 
Benzene-air 

Ether-air 


EXPERIMBNTAL. 


The essence of the method employed in the following experi- 
ments consists in the ignition of a small volume of the gaseous 
mixture contained in a soap bubble by means of an electrically 
heated wire or other red-hot body, the temperature at which 
ignition just takes place being noted. 

A quantity of the gas to be experimented on was mixed with 
air and made up to the required concentration in a 10-litre gas 
holder. To the outlet tube of the holder was attached a piece 
of capillary tubing terminating in a bulb tube, shaped like the 
head of an ordinary tobacco pipe. This tube when not in use 
dipped into a solution of sodium oleate and glycerol in water. 

The apparatus employed for igniting the gas consisted of a 
platinum wire measuring about 0°025 cm. in diameter, which was 
wound evenly round a small thin-walled silica tube. A thermo- 
couple made of platinum-rhodium which had previously been care- 
fully standardised against a standard pyrometer was passed 
through the inside of the silica tube so that the thermo-junction 
was in the centre of the tube. The terminals of the thermo- 
couple were connected to a wmillivoltmeter, from which the 
temperature could be read off. The experiments were carried out 
in a darkened room, as in some cases the flame of the ignited gas 
was almost invisible in daylight. 

The procedure was as follows: When all the connexions had 
been made, the heating current, which could be varied by means 
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of a rheostat, was switched on. When the temperature as 
indicated by the millivoltmeter was constant, the tap of the gas 
holder was opened, and the mixture, flowing through the pipe 
stem and soap solution, produced a bubble. The tap was closed 
and the bubble still on the end of the pipe was placed in contact 
with the hot coil. Ignition was instantaneous, and was usually 
accompanied by a slight explosion, but in some cases this was so 
faint as to be detected only with difficulty. The temperature was 
varied over 60—80° until a sufficient number of readings had been 
obtained. 

The gases employed in the first instance were prepared as 
follows : 

Hydrogen.—From pure zine and sulphuric acid. 

Methane——By the action of a zinc-copper couple on methyl 
iodide. The gas was passed through a tube containing more of 
the zinc-copper couple in order to free it from methyl iodide 
vapour. 

Ethylene.—By passing alcohol vapour over heated aluminium 
oxide. The gas obtained contained 9 per cent. of methane. 

Coal Gas.—Samples were taken from time to time from the local 
gas supply. 

Petrol—Commercial petrol was fractionated, and 2 c.c. of the 
fraction boiling between 0° and 80° were vaporised and made up 
to 10 litres with air. 

Benzene and Ether—Pure chemicals were used, and vaporised 
as in the case of petrol. 

The results found are given in the following tables. 


TaBLeE II. 


Comparison of Coal Gas—Air and Methane—Air Miztures: 
90°5 per cent. of Air in Mizture. 


Rotherham gas. Ardeer coal gas. Methane. 


= 


Temper- Temper- Temper- 
ature. Result. ature. Result. ature. Result. 
760° No ignition 760° No ignition 840° No ignition 
760 si 780 Ignition 860 me 
780 No ignition 865 
870 
880 
~ 880 
Ignition 880 
om 880 
No ignition 880 
Ignition 880 
880 
880 
890 
920 


> 


9? 


Temp. of ignition = 800°. Temp. of ignition=800°. Temp. of ignition= 880°. 
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TaB_e III. 


Comparison of Coal Gas, Methane, and Hydrogen—Air Mirtures: 
86°5 per cent. of Air Present. 


Rotherham coal 
on Ardeer coal gas. Hydrogen. Methane. 


A 


Tem- ~ ‘Tem- Tem- Tem- 
per- per- per- per- 
ature. Result. ature. Result. ature. Result. ature. Result. 
780° Noignition 800° Noignition 670° Noignition 860° No ignition 
785 800 os 680 870 “< 
785 805 ” 680 875 MA 
800 805 ia 690 875 Ignition 
800 ra 805 Ignition 690 880 No ignition 
800 Ignition 810 Noignition 690 ““ 885 Ignition 
800 Ss 810 Ba 690 Ignition 885 
805 Noignition 810 aa 690 a 890 
815 Ignition 810 Ignition 700 Noignition 900 
815 os 810 700 Ignition 910 
815 700 si 
820 ; 710 No ignition 
820 710 Ignition 
710 ee 
720 99 


Temp. of ignition Temp. of ignition Temp. of ignition Temp. of ignition 
= 805°. = $10. = 695°. = 885°. 


TaBLeE IV. 


Comparison of Petrol and Ethylene-Air Miztures. 


Mixture of 2-0 c.c. petrol (0—80°) 
Mixture of 9-1% C,H,, 0-99 CHy,, vaporised and made up with 
and 90% air. air to 10 litres. 


—~ 


~ 


~ 


Temper- No. of Tomper- No. of 
ature. readings. Result. ature. readings. Result. 


Ignition 


”? 


Ignition 900° 
*” 890 
880 
- 880 
No ignition 875 
Ignition 875 
No ignition 870 
865 


” 9? 

No ignition 
Ignition 
No ignition 


— 
ww RO -~1b 


bo C1 OLDS 3 OW GO 


bed > 


9 


Temp. of ignition = 825°. Temp. of ignition = 885°. 


A second series of experiments was carried out in which the 
heating coil was replaced by a semi-cylindrical piece of iron, about 
375 cm. long by 1°9 cm. in diameter, covered round the circum- 
ference with thick asbestos cloth (No. 1 iron block). Running 
down the centre of the flat surface and about 0°08 cm. under the 
surface was a small hole to carry the thermo-couple. The block 
was hung by two platinum wires from a stand. It was then 
heated until about 50° above the required temperature, when the 
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blowpipe was removed and bubbles of gas were brought into con. 
tact with the red-hot surface while the latter was cooling. When 
the temperature became too low for ignition to take place, the 
block was simply heated again and the procedure carried out as 
before until a sufficient number of readings had been obtained. 

An improvement was made in No. 2 block by boring a small 
hole in the centre of the flat face. By this means, the thermo. 
couple became exposed to the air, and since it lay close to the 
surface it ought to give a comparatively true figure for the 
temperature of the igniting surface. Tables V-——VIIT give con. 
parative results found by the above three methods. 


TABLE V. 


Comparison of Iron Block and Electric Coil Method with 135 
per cent. Coal Gas—Air Mixture. 


Electric coil method. Iron block (No. 1_ Block) method. 


A 


Temper- No. of Temper- No. of 
ature. readings. Result. ature. readings. Result. 

No ignition 720° No ignition 
730 
o» 740 
Ignition 750 
No ignition 760 
Ignition 765 
No ignition 770 
Ignition 790 
800 
810 


Ignition 


Pry 


mm bo DD me ee 1S tO ee 


3 
2 
4 
2 
! 
1 
1 
3 
1 
1 
1 


Temp. of ignition = 785°. Temp. of ignition = 760°. 


TaBLeE VI. 


Comparison of Electric Coil and Iron Block Method: 15 per 
cent. of Hydrogen with Arr. 


Electric coil. No. 1 iron block. No. 2 iron block. 


Tem- No. of Tem- No. of Tem- No. of 
per- read- per- read- per- read- 
ature ings. Result. ature ings. Result. ature ings. Result. 
690° Ignition 720° 6 = Ignition 705° Ignition 
685 ‘a 710 9 ae 700 4 , 
680 ” 705 : = 695 
675 9 705 3 Noignition 690 
675 No ignition 700 te nals 685 
670 99 695 : 680 9 
665 a 690 f 680 5 No ignition 
660 675 ” 
670 j , 
665 


mm dm Co bo Ge bo bo 


‘Temp. of ignition= 705°. Temp. of ignition = 685. 


Temp. of ignition = 680°. 


ition 


IGNITION OF GASEOUS MIXTURES. 


TaBLe VII. 


Mixture of Two Volumes of Hydrogen with Five Volumes of Air: 
Two Series Carried Out with No. 2 Iron Block. 


Temper- No. of Temper- No. of 

ature. readings. Result. ature. readings. Result. 
3 Ignition 2 Ignition 
3 ° : ” 


’° 
No ignition 
’° 
’° 
s° 


” 


en on) 
Pm RO ee ND OT 


Temp. of ignition = 700°. Temp. of ignition = 700°. 


Taste VIII. 


Comparison of Electrie Coil and Iron Block Methods: 13°5 per 
cent, Mixture of Coal Gas with Air, 


Electrie coil. No.1 iron block. No. 2 iron block. 


Tem- No. of Tem- No. of Tem- No. of 
pera- read- pera- read- pera- read- 
ture. ings. Result. ture. ings. Result. ture. ings. Result. 
Ignition 810° Ignition 800° Ignition 

vs 805 795 

- 800 790 

‘ 795 ‘eo 785 
No ignition 795 No ignition 780 
Ignition 790 Ignition 775 
No ignition 790 No ignition 770 - 
785 770 No ignition 
o» 780 765 Ignition 
Ignition 775 765 3. No ignition 
No ignition 760 

755 


750 


Wm SS Se SI ho = Ge to DO 


9 


9? 


9? 


Om mR We DW ee O 


> 


Temp. of ignition=775°. Temp. of ignition=795°. Temp. of ignition= 765°. 


From the results given in tables II—VIII, it will be observed 
that the method gives a very sharp ignition-point, and since the 
time taken to determine the temperature of ignition of any mix- 
ture was only about fifteen minutes, it is evident that for purposes 
of comparison at least the method is very suitable. 

It will also be noted from the above results that the concentra- 
tion of the explosive gas has, within the explosion limits, no effect 
on the temperature of ignition. 

As, however, the rate of cooling in the iron block method was 
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very rapid, the method was not very satisfactory for the purpose 
of ecbtaining absolute values. Accordingly, it was discarded jp 
favour of the method first described. Even in this method there 
are several factors that may affect the absolute value of the results 
whilst in no way affecting their comparative value. These factors 
are the cooling effect of the bubble, the presence of moisture in 
the gases, the catalytic action of the platinum wire, and the size 
of the silica tube. 

Dixon and Coward (loc. cit.) showed that the presence of 
moisture did not affect the ignition-temperature in the case of 
hydrogen and oxygen, and in several other cases the difference 
was very small. 

The cooling effect of the bubble need not be taken into account, 
as its mass was very small compared with that of the heating 
source. Moreover, although it was found that variations in the 
size of the bubble gave small differences in temperature, this was 
probably due to a different cause, which is explained later. 

The chief defect in this method lay in the fact that the tempera. 
ture registered by the thermo-couple was probably slightly lower 
than that of the coil, since the former was separated from the coil 
by the thickness of the silica and a volume of air. It is, of cours, 
obvious that the thermo-junction ought to be near to the centre 
of the tube and that the coil must be as evenly wound as possible, 
so that there may be no unequal heating. 

In order to study the effect of the size of the silica tube on the 
temperature recorded by the thermo-couple, and, if possible, to 
obtain absolute values for the temperature of ignition of various 
gases, a large number of determinations was carried out. For 
this purpose, the gases employed were obtained in as pure a state 
as possible, and on analysis gave the following results: 


Methane (natural gas) 


tio ud 


In making up the gaseous mixtures, allowance was always made 
for the quantity of air present in the gas. 
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Table IX gives the dimensions of the various silica tubes 
employed in the determinations. These were drawn out as evenly 
as possible from ordinary silica tubing. 

The experiments were carried out in the same manner as before, 
except that the ends of the silica tubes were in all cases stopped 
up with asbestos fibre so as to diminish loss of heat within the 
tube by convection. Platinum and Eureka resistance wire were 
employed for making the ignition coils. The results found for 
hydrogen are given in table IX. 


TaBLE IX. 


Showing Effect of the Size of the Silica Tube on the Temperature 
of Ignition of Hydrogen. 
Temperature of ignition of 


20 per cent. of hydrogen 
in air using 


Thickness of Internal - ~ 
No. of walloftube. diameter. Length. Platinum 
tube. (cm.) (cm.) (cm.) Eureka wire. wire. 
0-055 0-1575 6 682° 712° 
2 0-035 0-1475 6 688 712 


690 
0-030 0-12 695 


a 


710 
0-0425 0-0775 + 712 
735 
726 


0-030 0-075 
0-035 0-075 


0-035 0-095 
0-0275 0-0775 
0-0225 0-065 
0-025 0-065 


735 
735 
735 


ROMA & 


It will be observed, in the first place, that for the same tube 
the figures found by using platinum are higher than those obtained 
when using Eureka wire, indicating a catalysing effect in the case 
of the latter. It is, however, probable that both substances exert 
a catalytic influence. 

It will also be noticed that as the thickness of the wall and the 
internal diameter of the silica tube decreased, the temperature of 
ignition increased. 

It was not found possible to make tubes of smaller size than 
No. 9, and it was therefore impossible to say whether or not the 
temperature given by No. 9 were a maximum. It seemed prob- 
able, however, that the temperatures found when using this tube 
were very near to the actual temperature of the heating coil. 

Accordingly, this tube wound with platinum wire was used to 

R R* 
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determine the temperatures of ignition of other gases, and the 
results found are summarised below: 
Hydrogen-—air 
Carbon monoxide—air 
Ethylene-air 
Coal gas—air 
Petrol—air 
No ignition below 1000°. 
In tables I and II the ignition-temperature of methane in air 
was found to be 880—885°, but the gas probably contained a con- 
siderable quantity of hydrogen. In order to verify this supposi- 
tion, the effect of adding different proportions of hydrogen to 
methane—air mixtures was studied, with the following results: 


TABLE X. 


Showing Effect of Hydrogen on the Temperature of Ignition of 
Methane and Air, 


Gaseous mixture. Temperature of ignition. 


methane 
hydrogen 
air 


. methane 
hydrogen 
air 


- methane 
hydrogen No ignition up to 970°. 
air 


It is thus evident that pure methane when mixed with air does 
not ignite below 1000°. This fact is interesting, and receives 
some confirmation from a statement in Brunswig’s “Explosives” 
(English edition, p. 55), in which it is stated that in the case of 
methane and air there is delayed ignition at 600° to 700°, but 
that instantaneous ignition does not take place below 1000°. 

The foregoing experiments, although interesting, were, however, 
not quite conclusive, but it was hoped that by making use of an 
instrument called the meldometer, invented by Professor Joly, 
corroboration of the above results would be obtained. 

This instrument consists essentially of an apparatus for measur- 
ing accurately the expansion of a platinum strip when subjected 
to heat. The strip, which is held between two arms, one fixed 
and the other movable, is heated electrically, and thus expands. 
Since the linear expansion in the case of platinum is almost 
directly proportional to the temperature, it is sufficient to note 
the length of the strip at one or two fixed temperatures in order 
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to find out by interpolation the temperature corresponding with 
any given length of the strip. 

Unfortunately, the experiments carried out with this apparatus 
were unsuccessful. The strip was so very thin that when a bubble 
of the gaseous mixture was brought in contact with it, slow com- 
bustion first ensued which raised the temperature of the strip 
until the latter glowed, and thus exploded the residue of the gas. 
The method of standardising this instrument, however, indicated 
a method of standardising the apparatus used in the first series 
of experiments described herein. The apparatus finally employed, 
the method of standardisation, and the results obtained are 
described below. 

The ignition apparatus in this final series of experiments con- 
sisted of a platinum coil wound regularly round two mica strips 
3 cm. in length by about 0°3 cm. in width. These strips were 
notched along the edges so as to hold the wires in position, whilst 
between them, and thus insulated from the heating coil, was 
placed a platinum—platinum-rhodium  thermo-couple. The 
wire used for the heating coil was about 0°025 cm. in diameter, and 
the pitch of the spiral was equal to about the diameter of the wire. 
The heating current was provided by storage batteries in order to 
obtain no fluctuations in the temperature, and the latter was varied 
by means of a sliding resistance. 

An ammeter was also placed in the circuit in order to measure 
the current. 

The thermo-couple, which had previously been standardised 
against a standard thermo-couple, was connected to a millivolt- 
meter. It will be noticed later, however, that it was unnecessary 
to use a standardised thermo-couple; in fact, it was ultimately 
found that no thermo-couple was necessary, as the required results 
could be obtained by simply reading the ammeter. The apparatus 
was standardised in the following manner. 

Four salts the melting points of which were accurately known 
were selected and purified. A few crystals of each were ground 
to a powder, and a small quantity of this powder was deposited 
on the platinum spiral. The current was then turned on and the 
coil heated, the temperature being slowly raised until the salt just 
melted. A rough experiment was carried out first in each case to 
find out the approximate melting point, the determination being 
then repeated several times with great care. 

It was found when the melting points of the salts were taken 
from time to time during the experiments that the readings on 
the millivoltmeter varied considerably, but that the ammeter 


readings were practically constant for the same temperature. 
R R* 2 
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The variation in the millivoltmeter readings may have been due 
to various causes, for example, the alteration in zero point of the 
instrument, variation in room temperature, or to the thermo 
couple having been accidentally moved from the centre of the 
coil during the experiments. The ammeter readings, therefore, 


7 


Current amps. 


.7 


800 300 
Temperature. 


Curve connecting ammeter readings with actual temperature. 
Standardised 1.5.16 and 2.5.16. 


only have been recorded. Table XI gives the results obtained on 
standardising the apparatus before and after use. 


Taste XI. 


Ammeter readings. 
Cc - =~ 
Before Before 
Salt employed. True m.p. experiments. experiments. 


Potassium iodide 3-76 


Potassium bromide ... 723 . 3-90 
Sodium chloride . 4-22 


Co wo + pS &— © ws -* 


Potassium sulphate... 1072 5-45, 5-47 


The curve connecting the ammeter readings with the true 
temperature is shown in the figure. 
Table XII gives the analysis of the gases employed. 
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Taste XII. 


Analysis of Gases Used. 
Carbon 
Coal gas. Ethylene. Hydrogen. monoxide. 
94-0 


6-0 


In table XIII, the results found for the temperature of ignition 
of various mixtures of gases with air are given. In cases where 
the gas contained air as impurity, this was allowed for in making 
up the mixture. 


TaBLe XIII. 


Ignition-temperatures of Different Inflammable Gas—Air. Mixtures. 


True temperature 
Mixture. Ammeter reading. of ignition. 


15% coal gas—air . 878° 
10% ethylene—air *12 1000 
10% hydrogen—air . 747 
Carbon monoxide—air “82 931 
Petrol (b.p. 0O—80°)-air . 995 
Benzene—air ° 1062 
Ether-air . 1033 
It was found that by enlarging the size of the bubble, the mix- 
ture could be made to ignite at an apparently lower temperature. 
This, however, was probably due to the fact that slow combustion 
of part of the gas took place at the lower temperature, and, by 
heating the surrounding gas, caused it to ignite without showing 
a corresponding rise on the ammeter. This ignition was, as a 
tule, quite perceptibly delayed. By reducing the size of the 
bubble to about 3°7 cm. diameter, instantaneous ignition occurred. 
The results given in table XIII are the mean of a large number of 
experiments, and experimental error can be taken as being less 
than +3°. 


The author wishes to express his thanks to Messrs. Nobel’s 
Explosives Co., Ltd., for granting permission to publish these 
results. 


Noset RESEARCH LABORATORIES, 
ARDEER, STEVENSTON, N.B. [Received, September 6th, 1917.] 
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LXXXVII.—-Disodium Nitrite, an Additive Compound 
of Sodium Nitrite and Sodium. 


By Epwarp Braprorp MAxTED. 


In the course of work on the preparation of alkali metals by the 
electrolysis of non-aqueous solutions, the author had occasion to 
examine the products obtained by electrolysing a solution of 
sodium nitrite in perfectly anhydrous liquid ammonia. A deposit 
was observed to form on the cathode, resembling metallic sodium 
in that it dissolved in water with violent evolution of hydrogen, 
but completely differing from the metal by reason of its bright 
yellow colour and by its failure to dissolve in excess of ammonia 
with the production of the characteristic blue coloration. 

It was found, further, that the same compound may be obtained 
in a state of purity, as a brilliant yellow precipitate, by bringing 
together free metallic sodium and dry sodium nitrite, each dis- 
solved separately in anhydrous ammonia. An analysis of the pre 
cipitate showed it to possess the empirical composition Na,NO,, 
the ammonia acting merely as a solvent. By the action of water, 
decomposition takes place with regeneration of sodium nitrite and 
of sodium hydroxide. No hyponitrite could be detected in the 
solution. 


EXPERIMENTAL. 
Direct Preparation of Disodium Nitrite. 


For the preparation of the compound in a pure condition, it is 
essential first of all to free the ammonia, which is to be used as 4 
solvent, from all traces of moisture. This may be done by intro- 
ducing into a distilling flask a suitable quantity of liquid ammonia 
and dissolving in it sufficient sodium to impart to it a blue colour. 
The ammonia is freed from sodium hydroxide and from excess of 
sodium by distillation and recondensation in the vessel which is 
to be used for the preparation of disodium nitrite. 

The preparation may most conveniently be carried out by dis 
solving in the clear, anhydrous ammonia thus obtained a known 
weight of metallic sodium, this being added in small pieces. 
Freshly fused and finely powdered sodium nitrite in a solid con- 
dition is next introduced. It is found unnecessary to dissolve 
this separately provided that sufficient time is given for the sodium 
to pass into solution and that the nitrite is added gradually. The 
addition of sodium to a solution of sodium nitrite, on the other 
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hand, does not result in a satisfactory preparation on account of 
the formation of an insoluble layer round the sodium as added. 

The completion of the reaction is easily recognised by the dis- 
charge of the deep blue colour. This is found to take place on 
the addition of one molecule of sodium nitrite to each atom of 
sodium, disodium nitrite being thrown down as a bright yellow 
precipitate, from which the excess of ammonia is removed by 
evaporation. Any access of moisture is accompanied by an ex- 
plosion, which is usually sufficiently intense to shatter the reaction 
vessel and to cause a dangerous spray of liquid ammonia. 

In an experiment, about 100 c.c. of pure anhydrous ammonia 
were condensed in the long-necked flask used as a reaction vessel. 
At this stage, the rubber stopper at its mouth was withdrawn and 
replaced by a second one fitted with a Bunsen valve. One gram 
of metallic sodium was now introduced gradually in small pieces, 
the reaction vessel being allowed to remain for about ten minutes 
after the final addition to ensure complete solution of the sodium. 
Three grams of finely powdered sodium nitrite, previously dried 
by fusion, were next weighed out in a small stoppered tube and 
added gradually to the solution of sodium, the vessel being shaken 
gently. On adding the last portion of nitrite, the blue coloration 
in the reaction vessel disappeared, showing that one atom of 
sodium reacted with each molecule of sodium nitrite, and a yellow 
precipitate of disodium nitrite was seen to have formed. The 
reaction vessel was now removed from its cooling-bath and allowed 
to attain the ordinary temperature, with consequent evaporation 
of the layer of colourless liquid ammonia with which the com- 
pound was covered. At this point, the reaction vessel, together 
with its stopper and valve, was weighed in order to ascertain 
whether ammonia was being retained as an integral part of the 
compound, the following results being obtained : 


aE at Lovie 4 Lea Zibhede sa ate She GO Ga SD 


Weight of empty reaction vessel 
Weight of sodium added 
Weight of sodium nitrite added 


Weight of vessel plus compound after 
evaporation of ammonia 


The yellow compound contains, therefore, no ammonia. 


Preparation of Disodium Nitrite by the Electrolysis of Sodium 
Nitrite. 


For this purpose, a reaction tube about 35 cm. long and 3 cm. 


in internal diameter was provided with concentric cylindrical ~“‘ 
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platinum electrodes separated from one another by an asbestos 
diaphragm. The area of the electrode used as cathode was about 
25 sq. cm. After half filling the electrolysis tube with pure, dry 
liquid ammonia in the manner already described, about 5 grams 
of dry powdered sodium nitrite were introduced and the whole 
allowed to remain. No metallic sodium was, of course, introduced 
into the electrolysis vessel. 

The two electrodes with their asbestos diaphragm were next 
introduced into the nitrite solution, care being taken to avoid 
access of atmospheric moisture, and a current of 2 amperes at a 
potential of 110 volts from the laboratory mains was led through 
for one hour. On interrupting the current, the cathode was seen 
to be covered with and surrounded by a yellow deposit similar 
to that obtained by the direct action of sodium on the nitrite 
The platinum cathode was quickly immersed in a test-tube of dry 
ether, and on bringing it under water, the vigorous evolution of 
a considerable quantity of hydrogen was noted. A somewhat 
striking demonstration of the violence with which the compound 
combines with water was obtained by repeating the experiment 
and allowing the yellow cathodic deposit, separated as far as 
possible from the ammonia, to rise to the ordinary temperature in 
contact with the air. A series of sharp decrepitations, accom- 


panied often by fire, was observed. 


Action of Water on Disodium Nitrite. 


In order to examine the moderated action of water on the 
compound, 4 grams were prepared in a pure, ammonia-free condi- 
tion by the first method. Hydration was now carried out by the 
passage of a current of moist nitrogen, distilled water being added 
as soon as hydration was complete. 

The solution was found to exert no reducing action on Fehling’s 
solution, showing the absence of hydroxylamine and similar com- 
pounds. A second portion was tested for hyponitrite by neutral- 
ising with V/100-sulphuric acid, followed by silver sulphate, in 
accordance with the procedure recommended by Divers and Haga 
(T., 1899, 75, 97). No yellow precipitate of silver hyponitrite 
was obtained. A further sample was now neutralised, without 
dilution, with V/10-nitric acid, and silver nitrate added. A white 
precipitate soluble in much water was obtained. In order to 
investigate the composition of this precipitate, which was suspected 
to be silver nitrite, a further 4 grams of disodium nitrite was 
hydrated in the manner previously described, made up to 
approximately 100 ¢.c., and neutralised as before with WV /10-nitric 
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acid. The precipitate obtained by the addition of excess of silver 
nitrate solution was collected and carefully washed with cold dis- 
tilled water, after which it was dried in a vacuum desiccator in 
the dark. A silver salt (2°1 grams) was obtained which was found 
on analysis to contain Ag=69°8; AgNO, requires Ag=70°1 per 
cent. 

It is intended, as soon as time permits, to investigate the whole 
subject more closely, and to examine also the possibility of obtain- 
ing alkyl derivatives, which may throw light on the constitution 
of disodium nitrite. 


CHARLES STREET, 
WALSALL. [Received, September 13th, 1917.] 


LXXXVITI.—Studies in the Phenylsuccinic Acid Series. 
Part V. The Inter-conversion of the Esters of 
r- and meso-Diphenylsuccinic Acids. 


By Henry WReEN and CHarLes JAMES STILL. 


Is the course of the earlier investigations on the optically inactive 
diphenylsuccinie acids, it was shown by Reimer (Ber., 1881, 14, 
1802) that these substances are mutually transformable. When the 
racid is heated with concentrated hydrochloric acid at 200°, the 
meso-acid is quantitatively produced, whilst the converse trans- 
formation occurs when meso-diphenylsuccinic acid is subjected to 
the action of an excess of barium hydroxide solution at the same 
temperature. Somewhat later, Anschiitz and Bendix (Annalen, 
1890, 259, 91) found that a partial isomerisation takes place when 
the r-acid is heated with water alone at temperatures between 165° 
and 200°, the meso-acid being formed to the extent of approxi- 
mately 30 per cent. The transition from the meso- to the racemic 
series can be effected, however, under milder experimental condi- 
tions when the meso-acid is replaced by its ethyl ester as initial 
material ; thus Anschiitz and Bendix (loc. cit.) showed that potass- 
ium r-diphenylsuccinate is the sole product of the action of alco- 
holic potassium hydroxide solution on ethyl meso-diphenylsuccinate, 
whilst, when aqueous alcoholic potassium hydroxide is employed a 
mixture of potassium r- and meso-diphenylsuccinates is obtained 
(Wren and Still, T., 1915, 107, 447). 

The experiments which are now described were undertaken with 
the hope of more definitely locating the phase at which the change 
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in stereochemical configuration occurs. This might conceivably 
take place before, during, or subsequent to the actual hydrolysis, 
Experiments with the di-/-menthyl esters of meso- and l-diphenyl- 
succinic acids (Wren and Still, this vol., p. 531) made it appear 
probable that the change at any rate in part, precedes the hydro- 
lysis, since it was found that the ester of the /-acid is converted into 
that of the meso-acid when heated with aqueous alcoholic potassium 
hydroxide solution ; under similar conditions, the ester of the meso- 
acid appeared to suffer isomerisation, but the nature of the product 
could not be definitely established. As these esters are not readily 
prepared in considerable quantity and as the di-/-menthyl] r-ester 
has not yet been obtained, the work has been continued with the 
more readily accessible methyl and ethyl esters. 

When ethyl r-diphenylsuccinate is hydrolysed with a deficiency 
of aqueous ethyl-alcoholic potassium hydroxide solution, the non- 
hydrolysed portion is found to be composed of a mixture of ethyl 
r- and meso-diphenylsuccinates, from which the latter can be 
readily isolated in the pure state ; a similar mixture is formed under 
like conditions from ethyl mesodiphenylsuccinate, and from this a 
pure specimen of the ethyl r-ester can be separated, the slighily 
greater experimental difficulty in this instance being due to the 
relatively greater solubility of the racemic ester. Precisely similar 
phenomena are observed with aqueous methyl-alcoholic potassium 
hydroxide solution and the corresponding methyl esters. The pro- 
ducts of the hydrolysis have not been investigated with respect to 
stereochemical configuration, since they doubtless consist of mix- 
tures of potassium salts of the acids and acid esters, the approxi- 
mately quantitative separation of which would be a matter of great 
difficulty. 

The experiments just described show that isomerisation, at any 
rate in part, precedes hydrolysis; it may also take place to some 
extent subsequently, since potassium mesodiphenylsuccinate is 
partly converted into the salt of the r-acid when heated with 
aqueous-alcoholic potassium hydroxide solution. The change in the 
reverse direction appears to take place far less readily under similar 
conditions, and could not be definitely proved to occur. 

Since it was thus shown that the esters of the 7- and meso-acids 
are interconvertible under the influence of alkali hydroxides, it 
appeared of interest to examine their behaviour in the presence 
of alkaline reagents under conditions which would preclude hydro- 
lysis. For this reason, a series of experiments has been performed 
with solutions of sodium methoxide and ethoxide in methy} and 
ethyl alcohols respectively.. The conversion of methyl and ethyl 
r-diphenylsuccinates into the corresponding meso-esters can thus be 
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readily effected ; the latter are considerably less readily soluble in 
these solvents than the former, and the conditions can be so chosen 
that they separate from the solutions. In these circumstances, iso- 
merisation proceeds approximately quantitatively. The reverse 
change can only be effected in much more dilute solution, and the 
isolation of the r-esters involves a series of fractional crystallisa- 
tions. 

Lastly, the conversion of ethyl r- into ethyl meso-diphenylsuccin- 
ate has been studied under somewhat different conditions. During 
the last few years it has been frequently necessary to prepare r-di- 
phenylsuccinic acid, and the process adopted has been that previ- 
ously described by us (T., 1915, 107, 446 et seg.), which consists in 
allowing ethyl phenylacetate and iodine to react in ethereal solution 
in the presence of solid sodium ethoxide and hydrolysing the mix- 
ture of ethyl r- and meso-diphenylsuccinates which is thus produced. 
It has been noticed repeatedly that, whilst the yield of r-acid is 
tolerably constant, the proportion of r- to meso-ester produced in 
the different experiments varies within very wide limits. The ex- 
planation is now found to lie in the observation that ethyl r-di- 
phenylsuccinate is converted into the meso-ester when its ethereai 
solution is allowed to remain in contact with solid sodium ethoxide. 

From the theoretical point of view, the interconversion of the 
esters in the presence of alkali appears to be most readily explained 


by the assumption of the formation of a common sodio-derivative 
which is decomposed by alcohol according to the scheme: 


CO, Et 
; 
~(- NaOKt 
Ph ° H 
Ph-C-H “Sion 
CO, Et 


ExPERIMENTAL. 


Conversion of Ethyl r-Diphenylsuccinate into Ethyl mesoDiphenyl- 
succinate, 


A. By Partial Hydrolysis——Ethy] r-diphenylsuccinate (0°8 gram) 
was heated under reflux during two and a-half hours with aqueous 
ethyl-alcoholic potassium hydroxide solution (0°216N, 10 c.c.); the 
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solution was poured into water and the mixture extracted with 
ether. The crystalline residue, left after evaporation of the solvent 
melted at 76—114°; it was repeatedly crystallised from rectified 
spirit, whereby needles of ethyl mesodiphenylsuccinate, melting at 
140—141°, were readily isolated. 

B. By the Action of Sodium Ethoxide in Ethyl-alcoholiec Solution, 
—Ethyl r-diphenylsuccinate (1°5 grams) was gently warmed in a 
small sealed tube with a solution of sodium ethoxide in absolute 
ethyl alcohol (0°32, 10 c.c.) until an almost clear solution was 
formed ; on cooling, the contents of the tube set to a stiff paste, 
which did not change in appearance when preserved for eight da 
at the temperature of the laboratory. The solid was filtered, washed 
successively with alcohol, water, dilute hydrochloric acid, water, 
and alcohol, and dried. It weighed 1°4 grams and melted sharply 
at 140—141°. The melting point remained unaltered when the 
substance was crystallised from rectified spirit ; it was further iden. 
tified as ethyl mesodiphenylsuccinate by the mixed melting-point 
method and by analysis. (Found, C=73°5; H=6°8. Cale., C=736; 
H=6'8 per cent.) 

The filtrate from the original crop was diluted with water, when 
a small amount of solid was precipitated which melted indefinitely 
at 78—128°. 

C. By Solid Sodium Ethoxide—Finely divided, dry sodium 
ethoxide (prepared from 1 gram of sodium) was allowed to remain 
in contact with a solution of ethyl r-diphenylsuccinate (1 gram) in 
anhydrous ether (20 c.c.), at the temperature of the laboratory 
during twenty-four hours. Water was then added, whereby two 
clear solutions were formed; the aqueous portion was once ex: 
tracted with ether and the ethereal solutions were united and dried 
over calcium chloride. The residue, obtained after removal of the 
solvent, melted at 75—110°, and, after being twice crystallised from 
rectified spirit, yielded pure ethyl mesodiphenylsuccinate. The 
latter melted at 140—141°, and the melting point remained u- 
changed when it was mixed with an approximately equal quantity 
of the synthetic ester. 


Conversion of Ethyl mesoDiphenylsuccinate into Ethyl 
r-Diphenylsuccinate. 


A. By Partial Hydrolysis—Ethyl mesodiphenylsuccinate (57 
grams) was heated under reflux during two hours with aqueous, 
ethyl-alcoholic potassium hydroxide solution (0°156, 60 c.c.). The 
resulting solution was evaporated nearly to dryness, the residue 
diluted with water, and shaken with a large volume of chloroform. 
The extract was dried over calcium chloride and the solvent re 
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moved. The residue melted at 76—128°. It was digested with two 
successive small quantities of boiling light petroleum (b. p. 40—60°). 
[The part which remained undissolved by this treatment melted at 
133—136°, and, after being crystallised from alcohol, yielded un- 
changed ethyl .mesodiphenylsuccinate, m. p. 140—141°.] The solu- 
tions were evaporated to dryness and the united residues extracted 
with alcohol ; the more soluble portion, after being crystallised from 
light petroleum (b. p. 40—60°), yielded ethyl r-diphenylsuccinate. 
The latter melted at 83°5—84°5°, and the melting point remained 
unchanged when it was mixed with the synthetic r-ester. It was 
also identified by analysis. (Found, C=73°'4; H=6°7. Calc., 
C=73°6; H=6'8 per cent.) 

B. By the Action of Sodium Ethoxide in Ethyl-alcoholic Solu- 
tion—Finely divided ethyl mesodiphenylsuccinate (5 grams) was 
shaken with a solution of sodium ethoxide in absolute ethyl alcohol 
(0°32, 85 c.c.) at 70° during three hours; at the end of this period, 
the ester had completely dissolved to a pale yellow solution, which 
was then poured into a slight excess of dilute hydrochloric acid. 
The mixture was shaken with chloroform and the extract washed 
with aqueous sodium carbonate solution and dried over calcium 
chloride. The residue left after evaporation of the solvent melted 
at 76—128°. The mixture of normal esters, after being treated as 
described in the preceding paragraph, yielded unchanged ethyl 


mesodiphenylsuccinate and ethyl r-diphenylsuccinate. The latter 
melted at 83—84°5°, and no alteration in the melting point was 
observed when it was mixed with an approximately equal amount 
of the synthetic r-ester. 


Conversion of Methyl r-Diphenylsuccinate into Methyl 
mesoDiphenylsuccinate. 


A. By Partial Hydrolysis —Aqueous, methy]l-alcoholic potassium 
hydroxide solution (0°874N, 12 c.c.) was added to a boiling solution 
of methyl r-diphenylsuccinate (3 grams) in methyl alcohol (200 c.c.) 
and the mixture heated under reflux during four hours. The 
alcohol was removed by evaporation and the residue treated with 
water and a large volume of chloroform. The product, obtained 
after desiccation of the chloroform solution and removal of the 
solvent, melted at 168—202°. It was twice crystallised from 
acetone, when methyl mesodiphenylsuccinate was isolated in well- 
defined needles which melted at 219—220°. No depression of the 
melting point was observed after admixture with the synthetic 
meso-ester. The substance was further identified by analysis. 
(Found: C=72°6; H=6°2. Calc., C=72°5; H=6'2 per cent.) 

B. By the Action of a Methyl-alcoholic Solution of Sodium 
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Methoxide.—Methy] r-diphenylsuccinate (1 gram) was suspended 
in a solution of sodium methoxide in absolute methyl alcoho} 
(0°301N, 50 c.c.) and heated at 50—60° during eleven hours; the 
ester did not immediately dissolve, but, after about three hours, 
the nature of the precipitate was observed to have changed, the 
platelets being replaced by a quantity of very fine needles. After 
cooling, the precipitate was removed, well washed with water, and 
crystallised from a considerable bulk of acetone; well-formed, pris. 
matic crystals of methyl mesodiphenylsuccinate were thus obtained 
which melted at 218°5—-219°5°. The melting point was unchanged 
when the substance was mixed with the synthetic meso-ester. 

At the ordinary temperature, the change proceeds very slowly, 
doubtless owing to the comparatively sparing solubility of the 
r-ester in methyl alcohol. When the ester and alkali solution 
(approx. 0°25) were used in the proportion of 1 gram to 20 c.c., 
no change appeared to have taken place after nine days ; after three 
months, however, the formation of the meso-ester could be 
definitely established. 


Conversion of Methyl mesoDiphenylsuccinate into Methyl 
r-Diphenylsuceinate. 


A. By VLartial Hydrolysis —Methyl —mesodiphenylsuccinate 
(3 grams) was partly suspended and partly dissolved in boiling 
methyl alcohol (380 c.c.); 5 cc. of aqueous methyl-alcoholic 
potassium hydroxide solution (0°68) were added and the mixture 
was boiled for an hour. A further portion of the alkali solution 
(5 c.c.) was then added, and the heating was continued for a further 
period of five hours. At the end of this time, the ester had con- 
pletely passed into solution. The alcohol was removed and the 
residue shaken with chloroform and water. The mixture of esters 
obtained from the chloroform solution melted at 158—196° ; it was 
fractionally crystallised from acetone. Unchanged meso-ester was 
isolated from the less soluble portion, whilst methyl r-diphenyl- 
succinate was obtained by repeated crystallisation of the more 
soluble part from a considerable bulk of methyl alcohol. The latter 
was identified by crystalline form, melting point (173—174°°), 
mixed melting point, and analysis. (Found: C=72°3; H=61. 
Cale.: C=72°5; H=6°2 per cent.) 

B. By the Action of a Solution of Sodium Methoxide in Methyl 
Alcohol.—Finely divided methyl mesodiphenylsuccinate (2 grams) 
was heated in a stoppered flask during ten hours at 60° with 4 
solution of sodium (0°9 gram) in absolute methyl alcohol (200 c.c.). 
A small portion remained undissolved. The mixture was exactly 
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neutralised with dilute hydrochloric acid and the alcohol removed 
on the water-bath. The residue was treated with warm water, and 
the part which remained undissolved was removed and dried. The 
mixture of normal esters thus obtained melted indefinitely at 
162—182°. It was separated by systematic treatment with acetone 
and methyl alcohol, as described in the preceding paragraph, into 
unchanged methyl mesodiphenylsuccinate and methyl r-diphenyl- 
succinate, the melting points being 218°5—219°5° and 174—175° 


respectively. 


Action of an Excess of Ethyl-alcoholic Potassium Hydroxide 
Solution on r- and meso-Diphenylsuccinic Acids. 


mesoDiphenylsuccinic acid (1 gram) was heated under reflux 
with a solution of potassium hydroxide in absolute ethyl alcohol 
(0'8.V, 25 c.c.) during four hours. The substance dissolved slowly, 
complete solution being ultimately obtained. Excess of alkali was 
exactly neutralised with hydrochloric acid. The alcohol was 
removed by evaporation; the residue was dissolved in a small 
volume of water and treated with a slight excess of a hot solution 
of barium chloride. On cooling, a crystalline precipitate of barium 
r-diphenylsuccinate separated, from which the corresponding acid 
was isolated ; it melted at 181—-182°, resolidified, and again melted 
at 219—220°. Unchanged mesodiphenylsuccinic acid, melting and 
decomposing at 229—230°, was obtained from the filtrate from the 
crop of barium salt. 

r-Diphenylsuccinic acid (1 gram) was heated under reflux with 
ethyl-alcoholic potassium hydroxide solution (0°8V, 25 c.c.). The 
product was treated exactly as described in the preceding para- 
graph. Unchanged r-acid was readily isolated from the correspond- 
ing, sparingly soluble barium salt, the mother liquors from which, 
however, did not yield mesodiphenylsuccinic acid in recognisable 
amount. 


The authors desire to express their thanks to the Research Fund 
Committee of the Chemical Society for a grant which has defrayed 
part of the cost of the investigation. 
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LXXXIX.—Derivatives of n-Butylaniline. 
By Josern ReiLty and WitFrRED Jonn Hickinzorrom, 


Tue lower alkylanilines have for a long period been recognised as of 
considerable technical importance and, with their derivatives, have 
been subjected to very detailed investigation. On the other hand, 
the higher alkylanilines and phenylenealkyldiamines generally have 
been but little examined, and it is only quite recently that such 
compounds as p-nitrosodipropylaniline, »-phenylenedipropyldiamine 
(Jacobs and Heidelberger, J. Biol. Chem., 1915, 21, 103), and 
p-phenyleneisoamyldiamine (Karrer, Ber., 1915, 48, 1398) have 
been subjected to any thorough study (compare also Mandl, 
Monatsh., 1886, 7, 99; Baeyer and Noyes, Ber., 1889, 22, 2173), 
In the case of the n-butyl compounds but few derivatives have been 
prepared. By condensing -butyraldehyde with aniline, Kahn 
(Ber., 1885, 18, 3361) obtained n-butylaniline, and from it the 
nitrosoamine, the acetyl compound, and the hydrochloride, but no 
other references to n-butylaniline or its derivatives have been 
found. 

In the present work the condensation of n-butyl chloride and 
aniline has been investigated, and several of the derivatives of 
n-butylaniline have been prepared and their properties investigated. 
In the reaction between n-butyl chloride and aniline, it was found 
that mono-n-butylaniline was the chief product when these con- 
pounds were heated together under atmospheric pressure. A frac- 
tion of higher boiling point was found to consist mainly of di-- 
butylaniline. 

The crude mixture of bases resulting from the reaction was dis 
tilled, and thus partly separated into aniline, n-butylaniline, and 
di-n-butylaniline. The n-butylaniline fraction was converted into 
phenyl-n-butylnitrosoamine (I), which was reduced to as-phenyl- 


N(C,H,)-NO N(C,H,)-NH, N(C,H,)*N:N-N(C,H,) 
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n-butylhydrazine (II), and this compound was then oxidised to 
diphenyldibutyltetrazone (IIIT) by the action of yellow mercuric 
oxide in ethereal solution : 

By means of Fischer and Hepp’s reaction (Ber., 1886, 19, 2991; 
1887, 20, 1247) the nitrosoamine was converted into p-nitroso-n- 
butylaniline (IV). On keeping, the crude hydrochloride darkened, 
owing probably to the presence of free hydrogen chloride behaving 
similarly to pnitrosoisobutylaniline hydrochloride (Walker, Anna- 
len, 1888, 248, 298). pNitroso-n-butylaniline was easily reduced 
by means of zine dust and hydrochloric acid to the corresponding 
diamine (V). The nitrosoamine is also decomposed into p-nitroso- 
phenol and »-butylamine, thus confirming its constitution. It is 
converted into p-nitrosophenyl-n-butylnitrosoamine (VI) by the 
action of nitrous acid. 

Whilst pnitrosomethylaniline hydrochloride separated almost 
quantitatively in Fischer and Hepp’s reaction (/oc. cit.) from solu- 
tion in a mixture of alcohol and ether, p-nitrosobutylaniline hydro- 
chloride under similar conditions gave only a small precipitate 
(compare Walker, Annalen, loc. cit.). A yield equal to 75 per 
cent. of the weight of nitrosoamine taken is obtained by substituting 
a solution of hydrogen chloride in butyl alcohol for the ethyl-alco- 
holic solution and reducing the proportion of alcohol to ether by 
one-half. 

p-Phenylene-n-butyldiamine resembled the other known mono- 
substituted gphenylenediamines in being readily oxidised to 
p-benzoquinone and in yielding colour reactions with ferric chloride 
and nitrous acid (compare Fischer and Wacker, Ber., 1888, 21, 
2614; Jacobson, Annalen, 1895, 287, 131; Bamberger, Ber., 1898, 
31, 1516; Bernthsen and Goske, Ber., 1887, 20, 929). 


ExPERIMENTAL. 


n-Butylaniline was prepared by heating one molecular proportion 
of aniline (93 grams) with slightly more than one molecular pro- 
portion of n-butyl chloride (100 grams) for thirty-six hours on a 
water-bath, using a reflux condenser. A crystalline deposit was pro- 
duced which, after the liquid had been filtered off, was shown to be 
mainly aniline hydrochloride with a small amount of n-butylaniline 
hydrochloride. From the reddish liquid poured off the crystalline 
deposit, uncombined n-butyl chloride was removed by distillation 
and the residual oil treated with sodium hydroxide solution. The 
bases which separated were extracted with ether, the ethereal layer 
was left in contact with potassium carbonate for some time, and the 
solvent removed by evaporation ; the oil obtained was then distilled. 

At first, some n-butyl chloride mixed with aniline distilled over 
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below 180°. The fraction 180—200° contained n-butylaniline 
mixed with aniline, and the distillate between 200° and 250° was 
n-butylaniline mixed with a smaller amount of aniline. There was 
also a fraction boiling at 250—275°, which was found to consist 
chiefly of di-n-butylaniline ; this was investigated later. The distj). 
late boiling at 200—-250° on redistilling gave a large fraction at 
240—245°, and by a further redistillation this gave a fraction boil. 
ing at 242—244°/765 mm. By converting the latter fraction into 
the nitrosoamine and reducing with zine dust and warm glacial 
acetic acid, n-butylaniline was obtained free from traces of the 
dialkyl compound. It boiled at 241--242°/752 mm. (Kahn gives 
235°/720 mm.) 

The fraction boiling between 200° and 250° from the original 
experiment with aniline and n-butyl chloride was not further frae. 
tionated for subsequent experiments, for the action of nitrous acid 
made it possible to separate the mono-n-butylaniline from aniline 
and di-n-butylaniline. The fraction boiling between 200° and 250° 
(105 grams) was therefore dissolved in an excess of dilute hydro 
chloric acid, and a concentrated aqueous solution of sodium nitrite 
was slowly added until the yellow turbidity changed to red. The 
nitrosoamine separated on top of the aqueous solution as a reddish- 
yellow oil, which was extracted with ether, the ethereal solution 
being washed with sodium hydroxide solution, and finally with 
water. From the separated ethereal layer dried over potassium 
carbonate, the solvent was evaporated, leaving the nitrosoamine as 
a greenish-yellow oil. From a portion (26°5 grams) of the oily frac- 
tion boiling between 200° and 250°, referred to above, 22 grams 
of phenyl-n-butylnitrosoamine were obtained. This is insoluble in 
cold water, very sparingly so in hot water, soluble in strong acids, 
and in most organic solvents. A fresh solution in acid is precipi 
tated by sodium hydroxide solution. The nitrosoamine is volatile 
in steam, collecting in the distillate as a pale yellow oil, heavier 
than water (compare Kahn, Joc. cit., p. 3367). 

Both n-butylaniline and phenyl-n-butylnitrosoamine can be 
readily nitrated, yielding in each case yellow, crystalline nitro-com- 
pounds which are scluble in alcohol or acetone and insoluble in 
water, but can be recrystallised from concentrated nitric acid. 
They were not further investigated. 


Phenyl-n-hutylhydrazine. 


Phenyl-n-butylnitrosoamine (20 grams) dissolved in glacial acetic 
acid (50 grams) was slowly added to zinc dust (100 grams), sus 
pended in 200 c.c. of 90 per cent. alcohol, and the mixture was 
constantly stirred and kept at 10—20°. When all the nitrosoamine 
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had been added, the mixture was heated to boiling and quickly 
filtered to prevent the deposition of crystals. The zine dust was 
washed repeatedly with small quantities of warm absolute alcohol, 
the washings being added to the filtrate. This nearly colourless 
filtrate was rendered slightly acid by the addition of concentrated 
hydrochloric acid, and then evaporated to a small bulk. During 
the evaporation the solution gradually deepened in colour, until 
finally it became dark red. The concentrated solution of the hydro- 
chloride was next treated with excess of concentrated sodium hydr- 
oxide solution until the precipitate first formed was completely re- 
dissolved. The crude base, which separated as a dark red oil, was 
extracted with ether, the ethereal layer dried over anhydrous 
potassium carbonate, and the solvent evaporated. The residual oil 
consisted chiefly of phenyl-n-butylhydrazine, together with some 
n-butylaniline. The yield of crude oil was usually 75—83 per cent. 
of the weight of phenyl-n-butylnitrosoamine used. In order to 
separate the »-butylaniline from the phenyl-v-butylhydrazine, the 
crude oil was dissolved in dry benzene and dry hydrogen chloride 
passed through the solution until there was no more absorption. 
The benzene solution at first changed to a deep red, but later it 
became paler in colour with the formation of a turbidity. 

The benzene solution was filtered and evaporated to a small bulk, 
when the hydrazine was precipitated as a pale yellow crystalline 
mass on the addition of dry ether. By washing the precipitate with 
a small amount of benzene the hydrazine hydrochloride was dis- 
solved, leaving behind the wm-butylaniline hydrochloride. The 
phenyl-n-butylhydrazine hydrochloride was recovered from the 
benzene solution and twice more subjected to this treatment, when 
it was obtained pure. From chloroform the hydrochloride sepa- 
rated in white, needle-shaped crystals which are very readily soluble 
in water, benzene, chloroform, methyl or ethyl alcohols, and very 
sparingly so in ether or light petroleum (b. p. 60-—-80°). It reduces 
Fehling’s solution on warming: 


0°1030 gave 12°65 c.c. N, at 21°5° and 747°3 mm.* N=1401. 
01244 ,, 0°0900 AgCl. Cl=17°90. 
CyoH,gN>,HCl requires N=13°96; Cl=17°67 per cent. 


Treatment with sodium hydroxide solution and extraction with 
ether gave the base as an almost colourless oil. It boils at 
247—-250°/762'7 mm., decomposing slightly with the evolution of 


* In the nitrogen estimations recorded in this paper, the gas was measured 
over 40 per cent. potassium hydroxide solution. The pressures recorded 
have been corrected for vapour pressure of the potassium hydroxide 
solution. 
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ammonia. Under diminished pressure the base can be distilled 


unchanged. 
Diphenyldi-n-butyltetrazone. 


The crude phenyl-n-butylhydrazine was dissolved in ether, and 
yellow mercuric oxide gradually added, following Fischer’s method 
for the preparation of the tetrazone from phenylmethylhydrazine 
(Annalen, 1878, 190, 108). The red ethereal filtrate obtained on 
separation from the mercuric oxide and mercury was evaporated 
under diminished pressure, and on addition of aqueous alcohol the 
tetrazone was obtained in slightly yellow, flattened needles. Theg 
crystals were dissolved in a small amount of aqueous alcohol (60 per 
cent.) and placed in a vacuum desiccator over calcium chloride until 
the tetrazone separated in white, shining plates melting at 72—73°, 
After melting and cooling, the melting point was again determined 
and found to be 73°. On heating above its melting point, however, 
the compound gradually darkened, until at 110—120° there was an 
evolution of nitrogen, the liquid became dark brown, and did not 
solidify again on cooling: 

0°0906 gave 13°22 c.c. N, at 14°79 and 758°5 mm. N=17'28 

C,,H,.N, requires N=17'28 per cent. 

An aqueous-alcoholic solution of diphenyldi-n-butyltetrazone 
rapidly decomposed, the solution changing first to a mauve colour, 
then gradually to violet, and finally to blue and indigo. The violet 
or blue solution was changed to an indigo colour by means of acids, 
and to a reddish-mauve colour having a blue fluorescence by alkalis, 
these changes being reversible. Zinc dust and acetic acid destroyed 
the blue colour. Concentrated nitric acid changed the colour to 
yellow, whilst aqueous iodine solution produced a dirty green 
coloration. Lactic acid gave the indigo colour, which by the action 
of potassium iodide changed to olive green. Dilute potassium per- 
manganate was reduced. The addition of bromine in carbon tetr 
chloride solution changed the indigo colour to a brownish-yellow. 


p-Nitroso-n-butylaniline. 


Phenyl-n-butylnitrosoamine was dissolved in about ten times its 
volume of dry ether, and four times its volume of alcoholic hydrogen 
chloride were added. In a few minutes the green solution became 
red, and after some time small, brownish-red crystals of p-nitroso-n- 
butylaniline hydrochloride were deposited, which were collected, 
washed with alcohol, then ether, and dried. 

It was found that pnitroso-n-butylaniline apr ue ge was less 
readily soluble in n-butyl alcohol than in ethyl alcohol. A butyl 
alcoholic solution of dry hydrogen chloride was therefore used 


illed 


DERIVATIVES OF N-BUTYLANILINE. 1031 


‘instead of the ethyl-alcoholic solution. The nitrosoamine was dis- 


solved in twice its volume of dry ether, and two volumes of a solu- 
tion of dry hydrogen chloride in n-butyl alcohol were added. After 
two hours a copious yellow precipitate of the hydrochloride had 
formed, the deposition of which was accelerated by stirring. It was 
collected, washed with alcohol, and finally with ether. 

To a solution of the hydrochloride in water an excess of ammonia 
was added, when the base was precipitated as a green, turbid oil 
which was extracted with ether. The ethereal extract of the 
nitroso-derivative was washed once with water and the ether eva- 
porated, leaving the base as a green, dark liquid which solidified 
on cooling to a blue, shimmering mass. It was purified by dis- 
solving in alcohol and adding water until a turbidity was produced. 
After some time the base crystallised in long, flattened needles 
melting at 58—59°: 

0°1173 gave 16°32 c.c. Ny at 22°0° and 742°7 mm. N=15°73. 

C,)H,,ON, requires N=15°76 per cent. 

By slow evaporation of the ethereal solution the compound 
crystallised in large steel-blue prisms. It is only sparingly soluble 
in water or light petroleum, but dissolves readily in ether, benzene, 
or alcohol. Concentrated solutions are green, whilst dilute solu- 
tions are yellow. The solid, although steel-blue when in crystalline 
form, is green or yellowish-green when powdered or crushed. The 
hydrochloride erystallises from a mixture of alcohol and ether in 
yellow needles, which are changed to red, and finally to a very dark 
colour, by traces of hydrogen chloride: 

0°2386 gave 0°1588 AgCl. Cl=16°47. 

C,)H,,ON,,HCl requires Cl=16°52 per cent. 

It is very readily soluble in alcohol, water, or acetone, but insol- 
uble in ether or light petroleum. 

By the action of dilute nitric acid on the dilute aqueous solution 
of the hydrochloride, a yellow, crystalline nitro-compound was pro- 
duced, insoluble in water, acid or alkali, but soluble in alcohol or 
ether. On crystallisation from hot aqueous alcohol it was obtained 
in long yellow needles, but was not further examined. 


Decomposition of p-Nitroso-n-butylaniline with Alkali. 


2°5 Grams of p-nitroso-n-butylaniline were added to 40 c.c. of a 
10 per cent. solution of sodium hydroxide, and the mixture was 
distilled in a current of steam for twenty minutes, the distillate 
being collected in an excess of dilute hydrochloric acid. The red- 
dish-brown residue was neutralised with dilute sulphuric acid until 
the colour became pale green, when the solution was extracted with 
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ether. On evaporation of the ethereal layer a pale buff-coloured 
residue was left, which dissolved in alcohol, acetone or ether to 4 ~ 
green solution. By slow evaporation of the ether the compound was 
obtained in almost colourless needles melting and decomposing at 
120—123°. It had the properties of pnitrosophenol, and gave a 
red sodium salt, crystallising from water or from alcohol in red 
needles extremely readily soluble in water and sparingly so in ether 
or acetone. (Found, Na=15°44. Cale., Na=15°85 per cent.) The 
hydrochloric acid solution in which the distillate had been collected 
was evaporated to dryness, leaving an almost white residue, which 
was identified as n-butylamine hydrochloride by the analysis of the 
platinichloride. (Found, Pt=34°87. Calc., Pt=35°10 per cent.) 
The production of the primary aliphatic amine and ;-nitrosophenol 
from the nitrosoamine proves that the nitroso-group, by the action 
of alcoholic hydrogen chloride, had migrated to the para-position, 
behaving in a manner similar to that observed when the lower alky! 
derivatives of aniline, such as phenylmethylnitrosoamine, are simi- 
larly treated. 


p-Nitroso-n-butylanilinenitrosoamine. 


Two grams of p-nitroso-7-butylaniline hydrochloride were dis 
solved in a small amount of dilute hydrochloric acid, the solution 
was cooled in a freezing mixture, and a concentrated solution of 
sodium nitrite (a slight excess of 1 mol.) was added slowly. A 
greenish-yellow, flocculent precipitate separated, which was col- 
lected after an hour. It was purified by dissolving in alcohol and 
adding water until a turbidity was produced, and then leaving the 
mixture until crystallisation had taken place. The compound sepa- 
rated in small, green plates melting at 39°5°: 

0°0855 gave 14°85 c.c. N, at 16°8° and 754°0 mm. N=20°33. 

Cy»H,,0.N, requires N=20°29 per cent. 
p-Vitroso-n-butylanilinenitrosoamine is freely soluble in most 
organic solvents, but almost insoluble in water. Dilute solutions 
become bright yellow by the action of alkalis, whilst acids almost 
discharge the colour, these changes being reversible. It was found 
that the colour of an alkaline solution could be discharged by the 
addition of one drop of V/20-sulphuric acid. The compound 

responded to Liebermann’s test for nitroso-compounds. 


p-Vhenylene-n-butyldiamine. 


Zine dust (15 grams) was added gradually to a solution of 
p-nitroso-n-butylaniline hydrochloride (10 grams) in water, when 4 
fairly vigorous reaction ensued, attended by evolution of heat, so 
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that it was necessary to cool the mixture. After the reaction had 
moderated, concentrated hydrochloric acid (45 c.c.) was gradually 
added and the mixture was heated for a short time on the water- 
bath until almost colourless. It was filtered hot from the excess 
of zinc dust, which was washed repeatedly with warm dilute hydro- 
chlorie acid and finally with alcohol. The acid filtrate was then 
evaporated to about half its bulk, rendered alkaline with sodium 
hydroxide solution, and the base which separated out as a dark- 
coloured oil Was extracted with ether. p-Phenylene-n-butyldiamine 
was obtained in a pure condition ‘by the addition of an excess of 
dilute sodium hydroxide solution to a concentrated aqueous solution 
of the liydrochloride cooled in ice. The base separated as a white, 
crystalline solid, which was collected and washed with water. On 
recrystallisation from light petroleum, it was obtained in white 
plates melting at 31°5°, having a pearly lustre. The colour slowly 
changed to red on exposure to air: 

0°0631 gave 9°45 c.c. Ny at 18°5° and 7445 mm. N=17°19. 

C,>H,gN. requires N=17°07 per cent. 

An alternative method of obtaining the free base in a pure con- 
dition was also employed. The dark-coloured base was distilled 
instead of being converted into the hydrochloride. Under a pres- 
sure of 768 mm. it distilled over mainly at 302°5—303°5°, and on 
cooling solidified to a white, crystalline mass. It is readily soluble 
in most organic solvents, but moderately so in cold light petroleum, 
and insoluble in water. 

p-VPhenylene-n-butyldiamine dihydrochloride crystallised from hot 
absolute alcohol in small, glistening plates which did not melt at 
200° : 

0°0750 gave 7°80 c.c. N, at 20° and 7463 mm. N=11°90. 

01324 ,, 01610 AgCl. Cl=30°08. 

C,>H,gNs,2HCl requires N=11°82; Cl=29°90 per cent. 

It is insoluble in ether, sparingly soluble in cold absolute alcohol, 
more readily so in hot alcohol, and very readily soluble in water. 
With a small amount of ferric chloride solution, a neutral solution 
of the hydrochloride gave a dirty green coloration which changed 
slowly through a succession of colours to a dark red. The green 
colour was restored on adding more ferric chloride. With potassium 
ferrocyanide the hydrochloride solution became olive-green, chang- 
ing to blue on the addition of alkali. Oxidation by boiling with 
ferric chloride or potassium dichromate and dilute sulphuric acid 
produced an odour resembling that of p-benzoquinone. A solution 
of bromine in aqueous potassium bromide gave a yeliow precipi- 
tate which gradually darkened on keeping. 
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Diazotisation of p-Phenylene-n-butyldiamine Dihydrochloride, 


To an aqueous solution of the hydrochloride (1 mol.) rendered 
acid by the addition of hydrochloric acid (3 mols.) and cooled ing 
freezing mixture, an aqueous solution of sodium nitrite was added 
until there was a slight excess of nitrous acid present. On first 
adding the sodium nitrite the hydrochloride solution became green 
and then rapidly turned to a brown tint. p-Aminodiphenylamine 
behaves in a somewhat similar manner (Jacobson, loc. cit.). On 
adding this diazotised solution to an aqueous solution of platinic 
chloride, a light yellow precipitate of the diazonium platinichloride 
was obtained, which was collected and washed well with water and 
finally with alcohol and ether: 


0°1888 gave 17°50 c.c. N, at 12° and 758°7 mm. N=11°08. 
0°1509 ,, 0°0381 Pt. Pt=25°25. 
(C\)H,,N,Cl),PtCl, requires N=11°05; Pt=25°66 per cent. 


This salt was almost insoluble in water, but sparingly so in 
alcohol. It commenced to darken at 115—120°, and decomposed 
at 147—-150° with a brisk evolution of nitrogen. When heated 
suddenly in a Bunsen flame it decomposed explosively. 

On the addition of an aqueous solution of the diazonium chloride, 
freed from nitrous acid by means of carbamide, to an alkaline solu- 
tion of B-naphthol, an azo-compound separated as a red, crystalline 
powder, which was collected after a few hours. In the dry condition 
it is almost black and has a metallic lustre. It is insoluble in water, 
but soluble in most organic solvents, and dissolves in concentrated 
sulphuric acid, giving a deep red colour. An acetylacetone deriv- 
ative was obtained as an orange precipitate on adding a solution 
of the diazotised pdiamine, free from nitrous acid, to an alcoholic 
solution of acetylacetone. On the addition of sodium acetate there 
was a yellow turbidity, from which crystals soon separated. The 
compound crystallised from aqueous alcohol in yellow needles, but 
was not further examined. 


[Received, November 1st, 1917.] 
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XC.—The Inmitations of the Balance. 
By Bertram BLount. 


Asout three years ago the author had occasion, in the course of a 
research, to make accurate weighings extending over some months. 
The balances used were by the first makers, and the discrepancies 
observed were at first attributed to the errors of experiment arising 
from the difficulties of the research. Slowly and reluctantly, how- 
ever, the conclusion was drawn that the errors lay in the balances 
themselves, and the following is an account of the nature and 
extent of these errors. 

It is usually accepted that a good balance carrying 200 grams 
in each pan should turn with certainty with 0°1 milligram, an 
accuracy of one part in two millions. Much higher accuracies have 
been claimed, but for the purpose of the research in question this 
degree of accuracy was sufficient. It was assumed that it could be 
obtained without difficulty, and the research was started on this 
assumption. As has been mentioned above, the cause of the error 
was not at first suspected, and after many months of work the 
balances themselves were critically tested. It may be stated at 
once that all were usually accurate over a short period of a few 
hours or even a few days, but over longer periods of a few weeks 
or months they showed themselves untrustworthy. 

In all, six balances were used, three being provided by the kind- 
ness of Professor Pope at Cambridge; the other three were at the 
laboratory in the author’s house. 

Those at Cambridge were a Sartorius carrying 200 grams in each 
pan, a smaller Sartorius carrying 100 grams in each pan, and a 
Bunge, preferred by the late Prof. Ewing for his own work, carry- 
ing 100 grams in each pan. 

Those in London were an Oertling carrying 200 grams in each 
pan (and it may be remarked that the beam used was selected out 
of five by the makers as the best they had), another Oertling with 
a load of 100 grams, and a modern Bunge carrying 200 grams. 

Each balance could be read with accuracy to 0°1 milligram, and 
in all cases standard weights were used. 

All proper precautions were taken to secure uniformity of 
condition. 

Four of the balances were used in their own case, one in a 
massive gun-metal case, which was air-tight, and one in an all- 
glass case, which was also air-tight. 

In each case twin weights were used so as to prevent errors creep- 
ing in from this cause. 
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Weighings were made by three independent observers at both 
Cambridge and London, and as there were far too many to record 
in full in a short paper, only those representing the maximum 
variations are recorded, and are as follows: 


CAMBRIDGE. 
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Bunge. 
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Large Sartorius. 


Divisions. : Divisions. 

par ea Tenths | —, Tenths 
Date. Left. Right. Temp. mg. . Left. Right. Temp. mg. 
29.4.17 7 7  #©15-5° 9 10 7° 
30.4.17 10 
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Rejecting the readings after 4.8.17, 0-45 milligram in 3 months. 
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Large Oertling. 

Divisions. | Divisions. 

OS Tenths wn 
Date. Left. Right. Temp. mg. . Left. Right. 
4 245° 4+ 0 | 26.7. 0 34 

3 74 219 — 6 8. 1 
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Greatest difference in 3 months, 1-6 milligrams. 


Bunge. 
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Greatest difference in 3 months, 1-2 milligrams. 
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Small Oertling. 


Divisions. p Divisions. 
Tenths 


=—or a 
Date. Left. Right. Temp. mg. . Left. Right. Temp. 
5 5 24° + O 
34 2 
64 64 
2 1 
(From 16.8.17 to 22.8.17 balance remained constant (left and right equal) 
with variations of temperature of 3°.) 
(From 6.8.17 to 1.9.17 the balance did not vary more than $ division with 
variations of temperature of 4-2°.) 


34 k ois + 2 |14.9.17 
24 2k - 0 


Greatest difference in 3 months, 0-4 milligram. 


These figures show that six balances of the best make, observed by 
three people at two different places, gave a variation over as short 
a period as four months varying from 0°4 to 1°6 milligrams, and 
that these variations cannot be correlated with any variation of 
external conditions. 

The author is well acquainted with earlier work by Poynting 
and others, and does not doubt that accurate readings can be made 
over a short period, but finds that constancy cannot be relied on 
over as short a period as four months. 

The natural suggestion of the cause of discrepancy is that there 
is a difference of temperature between the two arms of the beam. 
This has been dispelled by direct observation. Two thermometers 
reading to 0°01° were placed one on each pan of a balance in the 
same room as that containing the three balances used in London. 
Except in one instance, when by accident direct sunlight fell on 
the bulb of one thermometer, no greater difference than 0°02° was 
observed. Calculations, confirming those of Landolt, show that 
such a difference of temperature in the beam itself is negligible iu 
its effect on the indications of the balance, and this difference, 
which represents that of the pans, is far greater than would bk 
possible in a solid piece of metal, like a beam under normal condi- 
tions. As the fact remains that these variations occur, however, 
there clearly must be a physical cause. The matter has been 
referred to engineers of eminence, accustomed to consider stresses, 
and one was so good as to compute the stresses in a beam identical 
with that of two of the balances. He reported that the beam was 
amply strong to carry a load without flexure, although condemning 
the design as clumsy. The slow flow of metals under stress is wel 
known, and might provide an explanation were it not that the 
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beam of a balance is not under stress except in the short time of 
weighing. Moreover, some permanent set in one direction or the 
other might be expected. 

It remains to consider other probable causes of the inconstancy 
observed. 

There may be an alteration in the effective length of the two 
arms of the balance. In the case of the six balances examined, two 
had their end knife-edges set in sealing-wax, two were held by set 
screws, and the other two were apparently pressed in. In all three 
methods of construction, fortuitous movement of the knife-edge is 
easily conceivable, and to this explanation the author inclines. 

As a balance of the best make is generally regarded as capable 
of use to its assigned limit of accuracy, chemists generally have 
accepted its indications without question. The present inquiry, 
which only arose out of the main research, shows that this view is 
untenable if constant readings are to be expected over a relatively 
short time. Nor is there any indication as to when the variations 
may occur. As many chemical and physical experiments are neces- 
sarily lengthy, an unsuspected alteration of the indications of the 
balance may in the past have led to grave errors. It seems to be 
incumbent on balance makers to provide an instrument capable of 
carrying 200 grams in each pan turning with certainty to 0°1 milli- 
gram, and dependable in this respect for a reasonable time—say a 
year—without alteration or readjustment, it being always under- 
stood that all proper care is taken in using the instrument. At 
the time of writing, it appears that such a balance does not exist. 


76, YorxK Sr., 
WeEsTMINSTER, S.W. j Received, October 25th, 1917.] 


XCI.—3 : 4-Di-p-nitrotetraphenyl furan. 


By Artuur Gorpon FRANCIS. 


Tue formation of furan derivatives by the condensation of benzoins 
has been observed by several workers. Zinin (Zeitsch. fiir Chemie, 
1867, [ii], 3, 313), by the action of concentrated hydrochloric acid 
at 130° on benzoin, obtained lepiden, benzil, and an oil. Limpricht 
and Schwanert (Ber., 1871, 4, 337) showed that dibenzoylstilbene 
(Zinin’s acicular oxylepiden) is obtained by digesting benzoin with 
dilute sulphuric acid, and that when heated with benzoin it yields 
lepiden and benzil. On reduction, dibenzoylstilbene yields bidesyl. 
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Magnanini and Angeli (Ber., 1889, 22, 855) showed that when 
bidesyl is heated with concentrated hydrochloric acid at 130—1490 
for two hours, lepiden is formed. Dorn (Annalen, 1870, 158, 358) 
suggested, and Japp and Klingemann (T., 1890, 57, 662) showed, 
that lepiden is tetraphenylfuran. Japp and Tingle (T., 1897, 7), 
1138) proposed the formula: 

CPh——=CPh 

See ee 

CPh< 9 >CPh 
for dibenzoylstilbene. 

The relation of these compounds is shown in the following 
scheme: 
Benzoin. Bidesyl. Dibenzoyistibene. 


OHPh-OH CHPh-CHPh ; on 
COPh Se COPh COPh CPi<O>cPh 


= 7 
+ < | a ae 
vs 


~< HCl v/ 
NX y "4 
CPh-CPh 
CPh CPh 
Sf 
) 


\ 


Lepiden or tetraphenylfuran. 


More recently Irvine and MeNicoll (T., 1908, 93, 950, 1601) have 
shown that methoxyfuran derivatives can be obtained by the action 
of hydrochloric acid in methyl-alcoholic solution on _ benzoir, 
anisoin, and furoin, but that when ethyl alcohol is substituted for 
methyl alcohol no such condensation products are formed, only the 
ethyl ester being obtained, as is usual in the Fischer esterification 
process. 

The author and Keane (T., 1911, 99, 344) described pnitro 
acetylbenzoin, and attempted to hydrolyse this substance and als 
the nitrobenzoylbenzoin prepared by Zinin (Annalen, 1857, 104, 
116). Zinin states that the position of the nitro-group in nitro 
benzoylbenzoin was not determined. This compound is now show 
to be pnitrobenzoylbenzoin, NO,*C,H,CHBz-OBz, by the same 
methods that fixed a similar constitution for p-nitroacetylbenzom 
(loc. cit.). 

Both p-nitroacetylbenzoin and pnitrobenzoylbenzoin yield, on 
hydrolysis with hydrochloric acid under appropriate conditions, the 
same condensation product, together with p-nitrobenzil. The reac 
tion is quantitative, and for every three molecules of nitroacyl- 
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benzoin used, one molecule of the condensation product and one 
molecule of p-nitrobenzil are formed. This condensation product is 
shown to be 3:4-di-p-nitrotetraphenylfuran. The probable course 
of the reaction may be stated as follows: . 
(1) The nitroacylbenzoin is first’ hydrolysed : 
NO,°C,H,-CHBz-OBz(Ac) —> NO,°C,H,-CHBz:OH. 
(I.) 

(2) Two molecules of the nitrobenzoin thus formed are condensed 
and reduced to dinitrobidesyl by a third molecule of nitrobenzoin, 
which is itself oxidised to p-nitrobenzil : 

NO,°C,H,-CHBz:OH 
NO,'C,H,CHBz-OH HO:CH Bz‘C,H,-NO, 


/ ™/ 
¥ \ 


NO,-C,H CH Bz*CHBz-C,H,-NO, + NO,"C,H,*COBz 
(IL.) 
(3) The dinitrobidesyl under the influence of hydrochloric acid 
loses water and is converted into dinitrotetraphenylfuran : 
N0,"C,H ;CH——CH-C,H,-NO, 
COPh CUPh 
Con ONO, NO,°C,H,-C——C-C, HNO, 


No,"C,H 
CPh-OH CPhOH ~~ CPh CPh 


4 


\S 


VU 


From this view of the course of the reaction the constitution of 
the condensation product is regarded as 3: 4-di-pnitrotetraphenyl- 
furan. The intermediate compounds pnitrobenzoin (I) and dinitro- 
bidesy! (II) have not as yet been obtained, although attempts were 
made to isolate them by partial hydrolysis by means of hydrochloric 
acid and water. 

The investigation is accordingly incomplete in this respect, but 
the results obtained so far are published, as the author is likely to 
be prevented by pressure of other work from continuing the research 
for some time to come. 


ExPERIMENTAL. 


Hydrolysis of p-Nitroacetylbenzoin. 


Forty grams of p-nitroacetylbenzoin melting at 125° (uncorr.) 
were dissolved in 500 c.c. of boiling 90 per cent. alcohol in a capa- 
cious flask fitted with a reflux condenser. When completely dis- 
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solved, 30 c.c. of concentrated hydrochloric acid (D 1°16) were 
added slowly through the condenser, so as not to stop the ebullition 
of the liquid. At the end of half an hour, yellow needles began to 
be deposited. After six hours a voluminous mass of crystals had 
separated, and the solution had a strong odour of ethyl acetate. It 
was then filtered while boiling and washed several times with boiling 
99 per cent. alcohol to remove p-nitrobenzil. The crude product 
melted at 207° (uncorr.), and after recrystallisation from glacial 
acetic acid the pure substance (21 grams) melted at 211° (uncorr,), 
From the alcoholic solution 10 grams of jp-nitrobenzil were 
recovered. 

3:4-Di-p-nitrotetraphenylfuran crystallises from glacial acetic 
acid in long, pale yellow, silky needles. It is very sparingly soluble 
in light petroleum, ether, cold or hot 90 per cent. alcohol, or water, 
and moderately so in benzene, toluene, acetone, or chloroform. It 
erystallises best from acetic anhydride or glacial acetic acid. One 
gram dissolves in 50 c.c. of boiling glacial acetic acid: 

0°1002 gave 0°2672 CO, and 0°0357 H,O. C=72°72; H=3°95. 

0°2744 ,, 15°0 c.c. Ny (moist) at 19° and 748°5 mm. N=6°28. 

0°3384, in 17°677 benzene, gave E=0°12°. M.W.=426. 

C,,H,,0;N, requires C=72°73; H=3'90; N=6°06 per cent. 
M.W. =462. 


ection of Alcoholic Hydrogen Chloride at 42° on p-Nitroacetyl- 
benzoin, 


Two grams of pnitroacetylbenzoin were heated with 150 c.c. of 
absolute alcohol saturated with dry hydrogen chloride in a thermo- 
stat at 42° for four hours. After some time a yellow solid sepa- 
rated, which on crystallisation from glacial acetic acid melted at 
210° and was dinitrotetraphenylfuran. 

From the portion soluble in alcohol only pnitrobenzil, melting 
at 140°, could be isolated, together with unchanged nitroacetyl- 
benzoin. 

Action of Water on p-Nitroacetylbenzoin. 


Five grams of nitroacetylbenzoin were heated with 10 c.c. of water 
at 180° for six hours. No pressure was observed on opening the 
tube. The aqueous layer was decanted through a filter and was 
found to contain acetic acid. The solid product was a red resin, 
from which pnitrobenzil melting at 140° and pnitrobenzoic acid 
melting at 238° were isolated. No dinitrotetraphenylfuran was iso- 
lated, nor could any intermediate product be obtained. 
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Constitution of Nitrobenzoylbenzoin 


Nitrobenzoylbenzoin was prepared by Zinin’s method (loc. cit.). 
The specimen melted at 137° (uncorr.). (Found, N=4°3. Calc., 
N=3°9 per cent.) 

When hydrolysed and oxidised by nitric acid (D 1°4) it yields 
benzoic acid and pnitrobenzil. When oxidised with a mixture of 
sulphuric acid (20 c.c. of concentrated sulphuric acid in 20 c.c. of 
water) and an approximately normal solution of potassium 
dichromate, as described for pnitroacetylbenzoin (Joc. cit.), it yields 
benzoic acid and p-nitrobenzoic acid. The constitution, 

(4)NO,°C,H,(1)*CHBz-OBz, 
similar to that of pnitroacetylbenzoin, is therefore deduced. These 
reactions take place with more difficulty than in the case of pnitro- 


acetylbenzoin. 


Hydrolysis of p-Nitrobenzoylbenzoin. 


(1) Five grams of p-nitrobenzoylbenzoin melting at 137° were 
heated under reflux with 150 c.c. of ethyl alcohol and 7 c.c. of 
aqueous hydrochloric acid (D 1:16). At the end of two and a-half 
hours there was no separation of yellow needles, no yellow colour in 
the solution, and no odour of ethyl benzoate. The p»nitrobenzoyl- 
bezoin was recovered unchanged. 

(2) Four grams of pnitrobenzoylbenzoin were heated under 
reflux for twenty-four hours with a mixture of equal parts of 
aqueous hydrochloric acid (D 1°16) and amyl alcohol, more acid 
being added from time to time. The insoluble product weighed 
22 grams. After crystallisation once from toluene and twice from 
glacial acetic acid, there remained 1°5 grams of dinitrotetrapheny]- 
furan melting at 210°. When mixed with dinitrotetraphenylfuran 
melting at 211°, obtained by the hydrolysis of »nitroacetylbenzoin, 
the mixture melted at 210°. The substances were therefore iden- 
tical. 

CHEMICAL DEPARTMENT, 


Str Joun Cass TECHNICAL INSTITUTE, 
Lonpon, E.C. [Received, September 7th, 1917.] 
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XCIIl.—The “ Uniform Movement” during the 
Propagation of Flame. 


By Watter Mason and Ricwarp VERNON WHEELER. 


Tue initial slow propagation of flame that takes place when an 
inflammable mixture at rest is ignited at a point, is usually re. 
garded as controlled by the transference by conduction of the heat 
developed by the combustion of the mixture immediately surround. 
ing the point of ignition, whereby successive contiguous portions of 
the mixture are raised in temperature until chemical action becomes 
rapid. The initial speed of propagation of flame in a given mixture 
away from the point of ignition should mainly depend, according 
to this view, (1) on the conductivity for heat of the unburnt mix- 
ture, and (2) on the velocity with which a moderately heated layer 
begins to react chemically and so to rise gradually in temperature, 
o-, in other words, on the rate of change of reaction velocity with 
temperature. 

Under certain conditions, with all inflammable mixtures of gases 
and air at atmospheric temperature and pressure, the initial slow 
propagation of flame can be maintained at a uniform speed over a 
considerable distance of travel from the point of ignition. The con- 
ditions most favourable, or necessary, to obtain and maintain this 
“uniform movement” of flame are that the inflammable mixture 
should be contained in a long, straight, and horizontal tube open 
at one end and closed at the other; and that ignition should be 
effected at the open end of the tube by a source of heat not greatly 
exceeding in temperature the ignition-temperature of the mixture, 
and not productive of mechanical disturbance of the mixture. The 
speed of the uniform movement then depends on the composition 
of the mixture (presumed to be at atmospheric temperature and 
pressure), and on the diameter of the tube in which it is contained 
(see p. 1051); above a certain (small) diameter the material of 
which the tube is made does not appreciably affect the speed of the 
flame. With a tube of given diameter the speed of the uniform 
movement of flame in a mixture can be regarded as a definite phys- 
eal constant for that mixture. 

Following Vicaire (Ann. Chim. Phys., 1870, [iv], 19, 118), Mal- 
lard and Le Chatelier (Ann. des Mines, 1883, [viii], 4, 274) put 
forward theoretical considerations respecting the transference of 
heat during the burning of gaseous mixtures, from which it should 
be possible to deduce the speed of the flame during the uniform 
movement, as follows. 


DURING THE PROPAGATION OF FLAME. 1045 


Suppose the flame to be propagated in a tube of uniform cross- 
section filled with the combustible mixture at an initial tempera- 
ture 6. At a given moment during the propagation the “layer,” 
4 (Fig. 1), becomes inflamed. The mass of burnt gases which fills 
the tube behind A is at a temperature 7’, the “ combustion-tempera- 
ture,” which can be calculated. The layer of gas immediately in 
contact with A and in front of it is at the ignition-temperature, ¢, 
of the mixture, or, rather, at a temperature infinitely close to ¢. 
The successive layers in front are at temperatures gradually decreas- 
ing from ¢ to @. The layer A itself must be at a temperature, 7", 
higher than 7’, for at the moment when it was inflamed it had 
already been raised to t. If we neglect the variation in the specific 
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heats of the gases between 7 and 7’, and assume @=0, then 
T'=T +t. 

At the moment of inflammation of the layer A, of thickness ds, 
the distribution of temperatures in the tube can be represented as 
in Fig. 1, in which beyond A a gradual levelling of temperature 
from 7” to 7 is shown. At the end of an infinitely short time, dr, 
the layer A’, of thickness ds next to the layer A, becomes inflamed 
in its turn and the whole diagram advances through a distance ds. 
For this to take place the front part of the tube must gain a quan- 
tity of heat represented by the infinitely small area ¢t’00’, which is 
equal to the rectangle AA/tt’. This quantity of heat is that neces- 
sary to raise the temperature of the layer of thickness ds from @ to 
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t; it is therefore equal to c’(t—@)ds, c’ being the specific heat of the 
burning or just burnt gases. 

The quantity of heat lost by the hinder part of the tube mus 
balance that gained by the front part. Now the layer A that 
gives up its heat in front is at a temperature 7’. and is between a 
layer at a temperature ¢ and one at 7. The quantity of heat given 
up by 4 in unit time will therefore be a function of 7 and ¢, and 
can be stated thus: 

c!(t —0)ds =drF(T,t), 
whence we obtain for the speed of propagation of flame: 
v=ds/dr=F(T,t)/e(t-0) . . . . . (1). 

The exact form of the function F(7,t) cannot readily be deter. 
mined. However, one can presume that it is proportional to the 
eonductibility, LZ, of the unburnt gas; and one can state that it 
becomes zero when 7'=¢ and for that value of 7 only. It would 
seem that when the temperature of combustion, 7, exceeds the 
temperature of inflammation, ¢, the heat necessary for the inflam- 
mation of a layer can be transmitted integrally. We can therefore 
put the expression for v in the form: 

veXT-) wry... . ! Ly 
ce(t-@) 
and it may be that /(7,t) is a constant. 

The only point open to criticism in this otherwise lucid reasoning 
is that which attributes to the “layer” of gas that is actually 
burning a higher temperature (7") than it would attain if it burned 
without previous heating to its ignition-temperature (¢). Mallard 
and Le Chatelier found confirmation of this view in the observation 
by Gouy (Ann. Chim. Phys., 1879, [v], 18, 1) that, as judged from 
photometric measurements, the surface of the bright green inner 
cone of a Bunsen flame is the hottest part of the flame; for the 
surface of this inner cone is the “burning layer” of a stationary 
explosion, the rate of propagation of flame downwards in the mix- 
ture being equal to the rate of flow of the unburnt gases upwards. 
Gouy showed that there is a simple relation between the area of 
surface of the inner cone, the rate of flow of the mixture, and the 
speed of propagation of flame therein; and Michelson (Ann. Phys. 
Chem., 1889, [iii], 37, 1), who adopted in toto Mallard and Le 
Chatelier’s theoretical considerations, and at a later date Mache 
(Ann. Physik., 1907, [iv], 24, 527) used this relation to determine 
the “normal” speed of propagation of flame in a number of 
gaseous mixtures. 

Haber and Richardt (Zeitsch. anorg. Chem., 1904, 38, 5), how- 
ever, showed by actual thermo-electrical measurements that the 
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surface of the inner cone of a Bunsen flame is not the hottest part 
of the flame, and concluded that its brightness is a phenomenon of 
luminescence. Further, they denied the possibility of the burning 
layer during the uniform movement in the propagation of flame 
along a tube attaining a higher temperature than it would if it 
were heated merely by its own heat of radiation, for the reason 
that while it is burning it must lose to successive layers as much 
heat as it gained from earlier burnt layers. Haber and Richardt’s 
argument is summarised in the following -quotation from their 
paper (p. 55): 

“Die Vorwarmung eines explosiblen Gasgemenges erhélt die 
Verbrennungstemperatur, wenn sie auf Kosten der Wirme des 
verbrannten Gases erfolgt (Regenerativsystem, Ofen der Gasan- 
stalten u.s.w.), aber sie erhélt sie nicht, wenn sie auf Kosten der 
Warme des verbrennenden Gases erfolgte (Flamme, Explosion), denn 
da das Gebilde, welches die Vorwairmung bewirkt, soviel Wiarme 
abgibt, als das vorgewarmte aufnimmt, so kann Temperatur- 
steigerung durch Vorwarmung nur eintreten, wenn die Wirme- 
abgabe dem Temperaturansteig zeitlich nachfolgt und nicht, wenn 
sie ihn begleitet.” 

We consider Haber and Richardt’s view to be the correct one. 
Mallard and Le Chatelier’s equation (2) is, however, affected only 
as regards the magnitude of the function /'(7,t), which is, in any 
event, indeterminate. The important deduction from the equa- 
tion is that, in mixtures that have the same conductibility for heat, 
the speed of the flame during the uniform movement should he 
directly proportional to 7’—t, and inversely proportional to ¢—@. 

The effect of variation in the conductibility of the mixture on 
the speed of the uniform movement of flame is well shown with 
mixtures of hydrogen and air (Haward and Otagawa, T., 1916, 
109, 85). The fastest speeds are obtained with mixtures contain- 
ing from 38 to 45 per cent. of hydrogen instead of with the mixture 
that contains hydrogen and oxygen in combining proportions and 
has the highest temperature of combustion. The thermal conduc- 
tivity of hydrogen is 31°9x 10-5, compared with that of air, 
5°22x 10-5, and, as already stated, the mixtures in which the 
speeds of the flames are fastest contain between one-third and one- 
half their volume of hydrogen. When the combustible gas has a 
thermal conductivity more nearly approaching that of the air with 
which it is mixed, and when it forms but a small proportion of the 
mixture, as with methane, the influence of thermal conductivity on 
the speed of propagation of flame can be neglected or regarded as 
constant. 

If c’ also be regarded as constant over the range of temperatures 
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concerned, the speed of the uniform movement of flame in mixtures 
such as those of methane with air should be proportional to 
7 —t/t—6, if the uniform movement truly represents the transfer. 
ence of heat by conduction. In order to obtain data whereby to 
test this conclusion, and to elucidate the nature of the physical 
constant which we regard the uniform movement of flame to be, 
we have determined the speeds (in a tube 5 cm. in diameter) in a 
number of mixtures of methane, oxygen, and nitrogen, of which 
we have also determined the relative ignition-temperatures and of 
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which the theoretical combustion-temperatures have been calcu- 
lated. 

The results are shown in Fig. 2, which, apart from the problem 
with which we are now concerned, is of interest in showing the 
effect of reducing the oxygen content of the air on its ability to 
support the combustion of methane. In the topmost curve the 
speeds of the flames are plotted against percentages of methane in 
atmospheric air*; the curve below was obtained with an “ atmo- 


* This curve, which is reproduced also in Fig. 3, is constructed from the 
figures given by Wheeler (T., 1914, 105, 2606) after applying a correction 
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sphere ” containing 20°60 per cent. of oxygen; then follow in suc- 
cession curves obtained with atmospheres containing 18°85, 17°60, 
and 15°05 per cent. of oxygen respectively, the percentages of 
methane in each instance being percentages in the particular 
“atmosphere.” (For example, the 7 per cent. methane mixture 
with the 15°05 per cent. oxygen “atmosphere ’”’ had the following 
composition : methane, 7°0; oxygen, 14:0; nitrogen, 79°0 per 


cent.) 

It will be seen that the speeds of all the limit mixtures (in which 
a balance is struck between the heat generated on combustion and 
the heat required to start combustion) are the same. The calcu- 
lated ratios 7'—t/t—@6 for each limit mixture are, however, not the 
same, being greater by about 50 per cent. for the higher limit mix- 
tures than for the lower. 

Calculation of the theoretical combustion-temperatures of the 
mixtures is comparatively simple so long as they contain sufficient 
oxygen to burn the methane completely. When the oxygen is in 
defect it is necessary to take into account the mechanism of com- 
bustion of methane. This, in accordance with Bone’s researches 
on the slow combustion of methane, and as Burgess and Wheeler 
found in their experiments with “limit”’ mixtures of methane, 
oxygen, and nitrogen (T., 1914, 105, 2596), involves, as the reac- 
tion essential to the propagation of flame, the formation of carbon 
monoxide, hydrogen, and steam in equal volumes, according to the 
scheme : 

(CH,O) 
CH,+0, = CO+H,+H,0. 


Following upon this reaction, the carbon monoxide and hydrogen 
are burned, practically completely to carbon dioxide and steam if 
the ratio O,/CHy, is 2°0 or greater; or, if the ratio is less than 2°0, 
proportionally to the oxygen-concentration. Analyses of samples 
of the burnt gases taken during the propagation of flame, before 
their cooling enabled the ‘“‘ water-gas reaction” to come into play, 
showed that with the mixture containing the lowest ratio, O,/CH, 
(namely, 1°20 for the higher limit mixture with air), the propor- 
tion of the methane burned completely to carbon dioxide and steam 
was nearly 33 per cent. ; whilst the proportion so burned increased 
regularly with the ratio O,/CH, to just over 99 per cent. for mix- 
tures with a ratio 2°0. 


that was found to be necessary by reason of the fact that the “‘ standard ”’ 
}-seconds clock used for the determinations recorded 50 seconds per minute 
instead of 60. The speeds given in Wheeler’s paper, although relatively 
correct (the paper dealt only with the relative speeds) are therefore too high 
by one-sixth. 
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The relative ignition-temperatures of the mixtures were deter. 
mined in a manner which will be described in a subsequent paper. 
It was found that, over the range of mixtures covered by the experi- 
ments now described, there was a nearly regular increase jn the 
ignition-temperature as the ratio O,/CH, decreased. The relative 
ignition-temperatures can be regarded as ranging from 650° for q 
mixture containing 5°5 per cent. of methane in air to 700° for one 
containing 14°5 per cent. 

When the ratios 7—t/t—6 for all the mixtures comprised within 
the curves shown in Fig. 2 are calculated, it is found that Mallard 
and Le Chatelier’s equation (2) holds very closely so long as the 
oxygen in the mixtures is in excess; that is to say, so long as it js 
possible for the combustion of the methane to be carried rapidly to 
completion. When the combustion is incomplete, however, the 
ratio 7 —t/t—@ is, in general, higher than the speed of the uni- 
form movement of flame in the mixture requires. It becomes, as 
already stated, markedly high for the upper limit mixtures. 

The natural inference to be drawn from this result is that there 
is an enhanced radiation Joss through the walls of the tube during 
the propagation of flame in mixtures containing excess of methane, 
presumably because the process of combustion of such of the 
methane as burns is more protracted than when excess of oxygen is 
present, and the reacting molecules remain for a longer time in 
a condition of vibration such as to enable them to emit radiations. 
This presumed protraction of the process of combustion (of which a 
long, luminous tail behind the flame-front in mixtures containing 
excess of methane is perhaps evidence) would prevent the attain- 
ment of the calculated “ combustion-temperature.” It is, in fact, 
evident from these experiments that little meaning attaches to the 
usual calculations of combustion- or flame-temperatures, if only for 
the reason that the effect of the loss of energy by radiation, and the 
variations in that loss dependent on the duration of chemical 
change during combustion, are not taken into account. 


The Influence of the Diameter of the Tube on the Speed of the 
Uniform Movement of Flame in Mixtures of Methane and At. 


According to Mallard and Le Chatelier, cooling of the hot gases 
by the walls of the tube does not appreciably affect the speed of 
the flame when the diameter is sufficiently great, for the following 
reasons: The quantity of heat withdrawn from the burning gases 
by the walls of the tube is proportional to the perimeter, 2#r, of 

‘the tube; to the difference between the temperature of the gases 
and that of the tube, 7’— 6; and to a coefficient of conductibility, ¢. 
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The mass of the burnt gases is proportional to r? and to the speed 
of propagation of the flame, v; so that, if Q be the heat of com- 
bustion and ¢ the specific heat of the burnt gases, 


Qr°v = cr®v(T — 0) + kr(T — 8), 


whence 7=0+Q/(c+k/rv). The temperature 7 will not be materi- 
ally affected when k/rv is negligible compared with c; that is to 
say, when r and v are sufficiently great. 

For their experiments with mixtures of methane and air, Mallard 
and Le Chatelier used glass tubes 5 cm. in diameter, which they 
considered to be sufficiently large to overcome the effects of cooling 
by the walls even with the most slowly moving flames. This we 
believe to be correct, for there is not much difference in speed in 
tubes from 5 to 10 cm. in diameter, whereas when the diameter 
of the tube is only 2°5 cm., the speed is reduced by about one-third. 
Cooling by the walls thus interferes with the measurement of the 
true speed of the uniform movement of flame in mixtures of 
methane and air unless the diameter of the tube exceeds about 
5 cm. When, however, the diameter is increased above 10 cm., the 
speed of the flames is affected by the coming into play of another 
factor, namely, convection. 

The influence of convection currents is noticeable with the fastest 
moving flames in tubes 10 cm. in diameter, the visible effect being 
a turbulence of the flame-front. So far as can be judged by eye, 
the turbulence is essentially a swirling motion in a direction nearly 
normal to the direction of translation of the flame-front, which, as 
in tubes of smaller diameter, progresses at a uniform speed for 
about 150 cm. before backward and forward vibrations (the 
“vibratory movement”) are set up. This swirling motion appears 
ab initio, and is due to rapid movement of the hot gases from 
below upwards by convection. In tubes of comparatively small 
diameter (5 to 9 cm.) this rapid movement is suppressed, although 
the shape of the flame-front shows that there is a definite movement 
of the hottest gases towards the upper part of the tube (see T., 
1914, 105, 2609). 

We have determined the initial uniform speeds of the flames 
over the whole range of inflammable mixtures of methane and air 
in tubes 2°5, 5, 9, 30°5, and 96°5 cm. in diameter. The results are 
shown graphically in Fig. 3, in which the speeds of the flames are 
plotted against percentages of methane in air. If for any given 
mixture, say 10 per cent. methane, the speed of the flame is plotted 
against the diameter of the tube in which it travels, a curve such 
as those shown in Fig. 4 is obtained. From these curves it is clear 
that in tubes of less than 5 cm. diameter the speed of the flame is 

VOL. OXI. TT 


1052 MASON AND WHEELER: THE ‘“ UNIFORM MOVEMENT” 


retarded by the cooling effect of the walls. In tubes of large 
diameter, however, from 10 cm. upwards, the speed of the flame js 
proportional to the diameter of the tube. 

The “uniform movement’’ of flame as defined by Mallard and 
Le Chatelier (that is, “le mode de propagation par conductibilité”) 
is thus a strictly limited phenomenon obtainable only in tubes 


Fig. 3. 
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within a certain range of diameter, large enough to prevent 
appreciable cooling by the walls, but narrow enough to suppress 
the influence of convection currents. The initial speed of flame in 
mixtures of methane and air is uniform also in tubes of large 
diameter—the flames travelled at a sensibly uniform speed over 4 
distance of 10 metres in a tube 96°5 cm. in diameter and 44 metres 
long—but, as we have shown, this uniform movement does not 
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result from the normal transference of heat from layer to layer of 
the mixture by conduction. 

When speaking of the uniform movement of flame in gaseous 
mixtures, it is necessary, therefore, if Mallard and Le Chatelier’s 
definition be accepted, to specify the diameter of the tube in which 
the mixtures were contained. Alternatively, the initial slow 
uniform movement can be regarded simply as a particular phase 
in the propagation of flame that results when ignition is effected 
(in a quiescent mixture) at the open end of a straight, horizontal 
tube of any diameter closed at the other end; and not as resulting 
from a particular mode of heat transference. 
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EXPERIMENTAL, 


The method of recording the speed of the flames, and the general 
mode of procedure for the experiments in glass tubes, have been 
described by Wheeler (/oc. cit., p. 2610). The method was essenti- 
ally that of registering on a chronograph the times at which fine 
screen-wires of copper (0°025 mm. in diameter), through which an 
electric current was passing, were fused as the flame reached them. 
We may add to the description already given the detail that the 
electric current passing through the screen-wires was sufficient to 
raise them nearly to red heat. This arrangement ensured the 
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rapid melting of the wires as soon as the flame touched them, and 
therefore gave very uniform results; wires made from metals or 
alloys of low melting point, which could not be drawn so fine or 
of so uniform a diameter as copper, were found to be unsatis. 
factory. 

For the experiments in the larger tubes (30°5 and 96°5 em. in 
diameter respectively), which were of mild steel, the screen-wires 
were mounted on supports of brass wire reaching nearly to the 
horizontal axes of the tubes and fixed, through screwed-in plugs of 
vulcanite, 50 cm. apart along the length of each, the first screen- 
wire being 50 cm. from the point of ignition. 

The tube of 30°5 cm. diameter was 15°24 metres long. It was 
filled with the required mixture, which had previously been pre 
pared in a gas-holder of 42°48 cubic metres capacity, by displace. 
ment of air, six times the volume of the tube being taken for dis. 
placement. Samples of the mixture for analysis were taken from 
the gas-holder and from near the open end of the tube just before 
ignition. The analyses always closely agreed. 

The tube of 96°5 cm. diameter was 44°25 metres long and was 
provided with a by-pass tube 15°24 cm. in diameter running its 
whole length, and fitted at either end with valves, which were 
closed during an experiment. A motor-driven fan was included 
in this by-pass connexion, and served to circulate the contents of 
both tube and by-pass when making the mixture of methane and air 
required for an experiment. The mixtures were made by passing 
into the tube a measured quantity of methane from a storage 
holder, displacing an equal quantity of air, and circulating the 
contents as aforesaid during two hours, the end of the tube at 
which the mixture was to be ignited being temporarily closed 
during this operation by a gas-tight cover of wood. Samples of 
the mixture for analysis were taken from both ends of the tube 
before each experiment; no appreciable difference was found 
between the compositions of samples of the mixture at either end 
of the tube. 

For all the experiments, including those in the glass tubes, the 
methane used was from a blower of firedamp in South Wales, 
whence it was obtained compressed in cylinders. It contained no 
appreciable impurity other than between 2 and 23 per cent. of 
nitrogen. 


In the opening paragraphs of this paper we indicated some of 
the conditions necessary to ensure the obtaining of the uniform 
movement of flame. One of the essential conditions is that igni- 
tion should be effected at or within 3 or 4 cm. of the open end of 
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the tube. This is particularly necessary with narrow tubes, other- 
wise, if the point of ignition be some considerable distance within 
the tube, flame travels in both directions from the point of ignition, 
and the disturbance caused by the flame travelling towards the 
open end affects the flame travelling towards the closed end. The 
result is that a vibratory motion is imparted at the outset to the 
fame, and records of the speed of the flame travelling towards the 
closed end show in consequence wide variations from one experi- 
ment to another with the same mixture. 

For example, the following records were made of the speed of 
flame in a mixture of methane and air containing 10°00 per cent. 
of methane. A tube 5 cm. in diameter and 5°2 metres long was 
used. In one series of experiments, the point of ignition was 4 cm. 
from the open end of the tube and in another it was 17 cm. The 
speeds were measured between two screen-wires 50 cm. apart, the 
first screen being 40 cm. from the point of ignition. Ignition was 
by a secondary discharge across a 3 mm. spark-gap, using a 
“4-inch”’ induction coil with a current of 2°5 amperes through the 
primary circuit. 


Speed of “ Uniform Movement.” Cm. per second. 


Point of Point of 
ignition 4 cm. ignition 17 em. 
from open end. from open end. 

93-3 
91-7 
93-3 
94-1 
94-1 
93-3 
91-7 
91-0 
94-1 
92-9 
+ 1-2 
—1-9 


Similarly, with a glass tube 2°5 cm. in diameter, when ignition 
of a mixture of methane and air containing 10°25 per cent. of 
methane was effected at a point 15 cm. from the open end, vibra- 
tions were set up immediately in the flame travelling towards the 
closed end, and wide variations were obtained in the records of 
speeds, as follows: 
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Speed of “Uniform Movement.” Cm. per second. 


Point of Point of 
ignition 4 em. ignition 15 em. 
from open end. from open end. 


Apart from the wide variations in the recorded speeds when the 
point of ignition is too far within the tube, it will be seen that the 
mean of the results shows a slower speed than when the point of 
ignition is properly placed. The reason for this is that the flame 
that travels towards the open end acts as a drag on the flame 
travelling towards the closed end. In general, unless care be taken 
to avoid causing disturbance of the mixture at the moment of 
ignition, the records of speeds of flames obtained are of doubtful 
value. 

Another matter that requires attention is the possibility of any 
additional impetus given to the flame by the source of heat used 
to cause ignition affecting the recorded speed. This can be avoided 
by allowing the flame to travel a distance of 30 or 40 em. before 
reaching the first screen-wire (see T., 1914 ,105, 2610). When 
this precaution is taken, the intensity and size of the source of heat 
used to ignite the mixtures can be varied considerably without 
affecting the measurements of the speeds of the flames, as the 
following experiments illustrate. 

A glass tube 2°5 cm. in diameter and 5 metres long was used, 
and the speed of the uniform movement of flame determined ina 
series of mixtures of methane and air. The mixtures were ignited 
by (i) secondary discharge sparks from an “8-inch” X-ray coil 
with a current of 5 amperes through the primary circuit; 
(ii) secondary discharge sparks from a “ 4-inch”’ coil with a current 
of 2°5 amperes through the primary circuit; and (iii) the flame oi 
a taper. The point of ignition was 4 cm. from the open end of 
the tube when sparks were used; at the open end when the taper- 
flame was employed. The first screen-wire was 49 cm. from the 
open end of the tube. 


THE HYDROLYSIS OF SODIUM CYANIDE. 


Speed of “ Uniform Movement.” Cm. per second. 


Methane. Ignition by Ignition by Ignition by 
Per cent. ** 8-inch ”’ coil. “‘ 4-ineh ” coil. taper. 
7-10 37-3 36-6 
7-30 47-7 47-5 
8-05 . 52-5 §2-1 
8-60 *e 58-0 58-7 
9-10 54-6 64-0 64-4 
9-50 56-6 68-3 66-6 
9-95 “$ 67-8 65-5 
10-25 BO: é 65-5 66-2 
10-55 : 61-8 61-5 
11-60 je 47-5 47-9 
12-25 . 35-1 35-0 


It will be seen that for any of the mixtures the recorded speeds 
did not show any abnormal variations traceable to the means of 


of ignition employed. 
- [Received, Octuber 19th, 1917.] 


XCUL—The Hydrolysis of Sodium Cyanide. 


By Freperick PaLiiser Worry and VERE RocHELLE BROWNE. 


In the extraction of gold by the cyanide process, the degree of 
hydrolysis of the sodium cyanide at the dilution employed is con- 
siderable, and any investigation of the chemical actions which 
occur in this process involves an accurate knowledge of the degree 
of hydrolysis of the cyanide in solutions of different concentra- 
tions. In an investigation of the chemical actions occurring in 
the di-solution of gold by solutions of sodium cyanide, the results 
of which will be published in a subsequent paper, it has been 
shown that the degree of hydrolysis of the cyanide is a most 
important factor in the rate of dissolution of the gold. The 
present paper deals with the degree of hydrolysis of sodium 
cyanide in solutions of widely different concentrations at tempera- 
tures from 0° to 30°. 

The method employed is so simple that it would form a useful 
exercise for students of physical chemistry. It consists in com- 
paring the concentrations of hydrogen cyanide vapour above 
solutions of sodium cyanide and of hydrocyanic acid by drawing 
the vapour through a solution containing 0°2 per cent. of picric 
acid and 2 per cent. of sodium carbonate. The intensity of the 
reddish-brown colour produced in the indicator solution varies 
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rapidly with the concentration of the hydrogen cyanide in th¢ 
vapour, and by comparing the colours produced when a stream 
of air passes through a series of solutions.of sodium cyanide of 
one concentration alternating with solutions of hydrocyanic acid 
of different concentrations, the strength of hydrogen cyanide soly. 
tion can be found which has the same hydrogen cyanide vapour 
pressure as the sodium cyanide solution. 


EXPERIMENTAL. 


The sodium cyanide was freshly prepared, and in order to 
ascertain that no appreciable amount of free sodium hydroxide 
was present, a sample was dissolved in water and titrated for 
cyanide with a standard solution of silver nitrate, and for alkali 
with standard hydrochloric acid, using methyl-orange as indicator. 

The hydrocyanic acid was prepared immediately before use and 


Fig. 1, 


LI 
A 
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on Indicator —____ 


of the strength required by adding an equivalent amount of 
hydrochloric acid to a solution of sodium cyanide. 

In each experiment, two concentrations of hydrocyanic acid 
were employed, one of which had a higher hydrogen cyanide 
vapour pressure than the hydrocyanic acid solution and the other 
a lower pressure. The solutions of cyanide and of hydrocyanic 
acid were contained in 300 c.c. flasks and the indicator solutions 
in test-tubes, 10 c.c. of the indicator solutions being used and 
about 100 c.c. of the other solutions. The flasks and test-tubes 
were arranged as in Fig. 1, a test-tube containing sodium hydr- 
oxide solution being placed at the beginning in order to remove 
carbon dioxide. 

In a preliminary experiment, the difference in concentration 
between the two acid solutions was considerable, thereby giving 
an indication of the approximate strength required in order to 
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match the cyanide solution. In subsequent experiments, the 
difference in concentration could be made very much smaller, still 
allowing the intensity of colour produced by the cyanide to be 
intermediate between those produced by the two acid solutions 
or to coincide with one of them. Thus the concentration of 
hydrocyanic acid which had the same hydrogen cyanide pressure 
as the cyanide solution was determined within very narrow limits. 

Air was drawn through the flasks at the rate of about one 
bubble per second. 

At the higher temperatures, the apparatus was kept in a 
constant-temperature air-chamber electrically heated and electric- 
ally controlled, and at the lower temperatures in water at constant 
temperature or in melting ice. The temperatures employed were 
0°, 5°, 10°, 15°, 20°, 25 and 30°. 

Possible Sources of Error.—(1) By placing two indicator tubes 
together in series, it was found that the whole of the hydrogen 
cyanide was absorbed in the first, no perceptible change of colour 
being produced in the second. ‘Thus one indicator tube after each 
flask was sufficient. 

(2) The amount of hydrogen cyanide removed from the solu- 
tion was found to be too small to affect the concentration or degree 
of hydrolysis of the solution. This was shown by measuring the 
degree of hydrolysis of the same solution of cyanide a second time, 
using fresh solutions of hydrocyanic acid, the result in the second 
case being the same as in the first. 

(3) The possibility of error due to the slight pressure gradient 
in the series of flasks was avoided by placing the cyanide solution 
between the two acid solutions. By reversing the order of the 
two acid solutions, placing the stronger after the cyanide in one 
experiment and before it in another (the same strength of solu- 
tion being used), no perceptible difference was observed, showing 
that the slight pressure gradient was negligible. 

(4) In order to ascertain whether the effect of the non-hydro- 
lysed sodium cyanide on the vapour pressure of the free hydrogen 
cyanide was of importance, experiments were carried out in which 
the hydtogen cyanide vapour pressure of hydrocyanic acid solu- 
tions containing sodium chloride was compared with that of solu- 
tions containing no salt. The presence of even large quantities of 
salt had no perceptible effect on the amount of hydrogen cyanide 
removed by the air, and it was consequently judged that the effect 
of the sodium cyanide was negligible. 

Results —From the equation expressing the hydrolysis of 
sodium cyanide, 

NaCN +H,O0 — NaOH+HCN, 
uv 2 
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it is obvious that in the presence of a large excess of water the 
relationship between the concentrations of the various compounds 
should be expressed by the mass-action equation 
[NaOH] (HCN] _ 
{HCN} ; 
and also that this relationship should hold in the presence of 
excess of either sodium hydroxide or of hydrocyanic acid. In the 
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absence of excess of alkali or acid, if C is the concentration of the 
total sodium cyanide and P the percentage hydrolysed, then 
PC ~ 
100(100 — P) 

Experiments were carried out at 25° on the hydrolysis of sodium 
cyanide at a number of concentrations from 5°2 to 0°00725 gram- 
molecules per litre, and at a concentration of 0°0435 in the presence 
of different amounts of sodium hydroxide and of hydrochloric 
acid. In the latter case, it is obvious that an excess of hydro 
cyanic acid equivalent to the hydrochloric acid was liberated. 
The results of these experiments are shown in tables I and I. 
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TaBLe I. 
Temperature, 25°. 


Gram-mols. Percentage 
of NaCN per hydrolysed P 
litre (C). K x 10. (calculated). 
5-20 , 0:47 
2-60 0-48 
1-00 0-49 
0-325 0-50 
0-163 0-49 
0-0813 
0-0435 
0:0290 
0-0145 
0:0073 


BORE ESS 


IAS w aso «1 


oN 


Mean 0-484 


Tas.e II. 
0°0435 Gram-mols. of NaCN per litre. 


Gram-mols. of 
NaOH per gram- Percentage 
mol. of NaCN. hydrolysed. K 
1-00 0- 
0-50 22% 0: 
0-25 ' 0: 
0-01 . 0- 


c 104, 


4 
5 
5 
4 


Gram-mols. of 
HCl. per gram- 
mol. of NaCN. 

0-4 “175 0-49 

. . 0-47 

0-48 

0-47 


Mean 0-483 


In the last column of table I is given the percentage of hydro- 
lysis calculated from the mean value of the constant. It is obvious 
that there is no perceptible variation in K beyond that due to 
experimental error, and that there is remarkably little difference 
between the degree of hydrolysis found by experiment and that 
calculated from the mean value of X. 

In Fig. 2, the curve expresses the calculated degrees of hydro- 
lysis and the circles the experimental values, the abscisse being 
the cube roots of the concentrations in order to produce a flatter 
curve. The effect of temperature on the value of the constant was 
found from experiments carried out at intervals of 5° from 0° 
to 30°. Fewer concentrations were used than at 25°, at some 
temperatures only one concentration being employed. The results 
are given in table III, the relationship between the tempera- 
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ture and the mean values of KX being shown in the form of a curye 
in Fig. 3. 
TaBLeE III. 
Temperature. 4 4 K x 104. (Mean) 
‘ 0-135 


0-15 
0-16 
0-20 
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From these results, it is possible to calculate the degree of 
hydrolysis of solutions of sodium cyanide of concentrations up to 
5°2N at any temperature between 0° and 35°. 


UnIvERsITy COLLEGE, P 
AUCKLAND [ Received, September 26th, 1917.] 
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XCIV.—The Polysulphides of the Alkali Metals. Part 
III. The Solidifying Points of the Systems, Sodium 
Monosulphide-Sulphur, and Potassium Mono- 
sulphide—Sulphur. 


By Joun Smeata THomMAS and ALEXANDER RULE. 


Tue formation of polysulphides by the action of sulphur on 
alcoholic solutions of the anhydrous hydrosulphides of sodium and 
potassium has previously been investigated and described by the 
authors (T., 1914, 105, 177, 2819). By means of this reaction, it 
was found possible to prepare sodium tetrasulphide and potassium 
pentasulphide in the pure and anhydrous form, but it was observed 
that when attempts were made to utilise it for the preparation of 
other polysulphides of lower sulphur content, the above-mentioned 
compounds, contaminated to a greater or less extent with the 
corresponding hydrosulphides, were always obtained. This result 
is in general agreement with the work of Bloxam (T., 1900, 77, 
753). 

By measuring the quantities of hydrogen sulphide evolved when 
known weights of the hydrosulphides of sodium and potassium 
were treated in boiling alcoholic solution with varying amounts 
of sulphur, the present authors (Joc. cit.) have shown that the 
reaction between sulphur and the hydrosulphides of the alkali 
metals, in solution, tends to the formation of one polysulphide 
only; in the case of sodium the tetrasulphide, and in the case of 
potassium the pentasulphide. 

The only polysulphide of sodium that Bloxam succeeded in pre- 
paring was the hydrated enneasulphide, to which he assigned the 
formula Na,S,14H,O. He described, however, a regular series 
of the potassium compounds, including an enneasulphide which he 
claimed to have isolated in the anhydrous state. The question of 
the existence of enneasulphides of the alkali metals will be dis- 
cussed later. It may, however, be pointed out here that the 
present authors have failed to obtain any such compound either 
of sodium or potassium. Further, in view of the ease with which 
the polysulphides of these metals undergo hydrolysis, and taking 
into consideration the fact that Bloxam’s preparations were carried 
out in aqueous solutions, the purity of the anhydrous polysulphides 
described by him seems open to question. 

There is, however, considerable evidence of the existence, in 
aqueous solution, of a series of sodium polysulphides, from the 
disulphide to the hexasulphide, and possibly beyond, the work of 
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Kiister and Heberlein on this point being specially important 
(Zeitsch. ‘anorg. Chem., 1905, 48, 53; 44, 431). These authors 
found that their results could only be explained satisfactorily by 
assuming that the solutions dealt with contained a number of 
anions of the type 8”, S”,, S8”s, ete., in equilibrium with each 
other. 

The present investigation was undertaken with the view of 
resolving the present uncertainty as to the number and the relative 
stabilities of the solid polysulphides of sodium and _ potassium, 
Two main objects were kept in view. In the first place, it seemed 
desirable to decide whether higher polysulphides of these metals 
than those which have been described can exist in the solid state, 
and, secondly, the nature of the lower polysulphides and the ques- 
tion of the existence of intermediate compounds required to be 
settled. The last-mentioned point is of especial interest in view 
of Bloxam’s conclusion (/oc. cit., and T., 1895, 67, 277) that the 
enneasulphides of sodium, potassium, and ammonium can exist as 
stable compounds. 

In order to account for these intermediate compounds, Bloxam 
suggested that the polysulphides of the alkali metals really consist 
of solid solutions of sulphur in fundamental compounds of the 
type R,S;, and that therefore the general formula assigned to 
them should be R,S,, where « may be any whole number greater 
than 5. In the case of rubidium and cesium, Biltz and Wilke 
Dérfurt (Zeitsch. anorg. Chem., 1906, 48, 297; 50, 67; see also 
Ber., 1905, 48, 53), who thoroughly investigated the polysulphides 
of these metals by a thermo-analytical method, found no indica- 
tion of the existence of the intermediate compounds required by 
this theory, and the present authors similarly have failed to con- 
firm the existence of such compounds of sodium and potassium. 
On the other hand, positive evidence has been obtained in support 
of the simpler general formula R,§,. 


ExPERIMENTAL. 


The main portion of the experimental work described in this 
paper consisted of the determination of the freezing-point curves 
for the systems sodium monosulphide-sulphur and potassium mono- 
sulphide—sulphur. These curves were constructed in each case in 
two sections, the first consisting of that portion relating to mix- 
tures in which the percentage of sulphur exceeded that required 
for the formation of potassium pentasulphide or sodium tetra- 
sulphide, as the case might be, the second dealing with mixtures 
intermediate in composition between potassium pentasulphide or 
sodium tetrasulphide and the corresponding disulphide. 
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In a second series of experiments, the higher polysulphides were 
heated in a steady stream of hydrogen, and the rate of desulphur- 
isation was determined by weighing at regular intervals. During 
each period of heating, the temperature was kept as nearly 
constant as possible, but it was regularly increased for successive 


periods. 
Finally, in order to decide between the simpler formula R,S, 


and the double formula advocated by Bloxam, molecular weight 
determinations were carried out in the cases of those compounds 
which could be obtained in the pure state. For this, the ebullio- 
scopic method was employed, alcohol being the solvent. 

The hygroscopic nature of the substances dealt with made it 
necessary carefully to exclude moisture at every stage, whilst, 
owing to the ease with which they oxidise, ali solidifying-point 
measurements had to be made in a stream of pure dry nitrogen. 
Frequently mixtures were obtained, especially when the composi- 
tion was not that of a compound, which supercooled to a remark- 
able extent, and it was sometimes possible to keep these mixtures 
in the supercooled condition for several days at the ordinary 
temperature. The crystallisation of these supercooled mixtures 
was usually accompanied by considerable increase in volume, and 
it often took place so rapidly that the crucible containing the 
mixture was shattered. 

Preliminary experiments showed that at temperatures above 
400° the fused substances attacked glass to an appreciable extent, 
the disulphides being more active in this respect than the tetra- 
or the penta-sulphides. Except at much higher temperatures, 
they are, however, all without marked action on glazed porcelain, 
and vessels of this material were therefore used to contain them. 

For the determination of solidifying points below 300°, the 
apparatus used was very simple. It consisted of a weighed 
crucible of glazed porcelain in which the weighed substance, from 
15 to 20 grams in amount, was placed. The crucible was then 
lowered to the bottom of a hard glass tube, about 30 cm. long, the 
lower end of which was sealed. This tube was clamped in a 
vertical position, and its upper end was fitted with a rubber 
stopper through which passed a thermometer, a porcelain stirrer, 
the exact weight of each having previously been determined, and 
two gas-delivery tubes. One of these tubes just passed through 
the stopper, whilst the other reached almost to the bottom of the 
apparatus. By their means, the air was displaced by dry nitrogen. 
The mixtures were fused by heating the apparatus in an oil-bath, 
and a similar bath was used to maintain a constant external 
temperature during solidification. 

U u* 
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In consequence of the high melting points observed in the region 
of ‘the disulphides, it became necessary to employ a form of 
apparatus more suited to their measurement than the one just 
described. An electrically heated arrangement was finally 
adopted. 

This consisted of an internally glazed porcelain tube of 

approximately 3°5 cm. in diameter and 50 cm. long, clamped in an 
upright position. A portion of this tube was wound with nickel. 
chromium wire; current from the lighting circuit was used, and 
loss of heat by radiation, and oxidation of the wire were prevented 
by surrounding the wound section of the tube with a thick layer 
of kieselguhr. 
. It was found that temperatures up to 800° could easily be 
attained, and that when equilibrium conditions had been estab- 
lished, any desired temperature could be maintained, with very 
slight variation, over considerable periods of time. The pyrometer 
consisted of a platinum—platinum-iridium thermo-element in con- 
junction with a millivoltmeter, which was carefully calibrated. 
The hot junction was protected from the action of the fused sub- 
stances by enclosing it in a very thin-walled porcelain tube. For 
the reasons previously mentioned, silica could not be used for this 
purpose, and it was found inadvisable to employ platinum.* 

The lower portion of the furnace tube was packed with kiesel- 
guhr, through which a silica tube of small bore passed. On the 
kieselguhr, the crucible was supported so as to rest in that region 
of the furnace where the temperature was most uniform. It was 
placed in position and removed by means of a stout platinum wire 
looped round it. A rubber stopper pierced with four holes closed 
the upper end of the tube. Through these holes passed the pyro- 
meter tube, the stirrer, the platinum wire referred to, and, lastly, 
a delivery tube which, used in conjunction with the silica tube at 
the lower end, allowed of the displacement of the air by dry 
hydrogen or nitrogen. 

The pure potassium pentasulphide and the di- and tetra- 
sulphides of sodium used in these experiments were prepared by 
the methods described in earlier papers of this series (loc. cit.). 
After preparation, they were kept in a vacuum desiccator over 
phosphoric oxide. 

It has previously been pointed out that potassium disulphide 

1 In some early experiments the hot junction was protected by a platinum 
tube, but at the close of the series the metal was found to be considerably 
lighter in weight. On dissolving the fusion a brown, insoluble powder was 
obtained, which from a partial examination appeared to be platinum mono- 
sulphide. The quantity obtained, however, was insufficient to allow of 
complete examination. 
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cannot be obtained by a method analogous to that employed for 
the preparation of the corresponding sodium compound, since the 
reduction of the pentasulphide by metallic potassium yields a poly- 
sulphide mixture consisting mainly of the trisulphide, but contain- 
ing a considerable amount of other substances, the removal of 
which is very difficult. In their work on the polysulphides of 
rubidium and cesium, Biltz and Wilke-Dérfurt (/oc. cit.) obtained 
mixtures of low sulphur content by strongly heating the penta- 
sulphides in a stream of hydrogen. It was decided to use this 
method for the preparation of potassium disulphide. For purposes 
of comparison, sodium disulphide was also prepared in this way, 
and a series of solidifying-point determinations was made with 
material so prepared as the starting point. The resulis obtained 
in this series were found to agree very closely with those recorded 
in experiments in which sodium disulphide prepared by reduction 
formed the starting material. 

The sulphur used was twice recrystallised from carbon disulphide 
and then heated for several hours at 100° in order to remove the 
last traces of solvent. This substance was also preserved in a 
desiccator over phosphoric oxide. 


The Desulphurisation of Sodium Tetrasulphide and Potassium 
Pentasulphide. 


The primary object of these experiments, as has already been 
mentioned, was the preparation of the materials necessary for the 
construction of the complete solidifying-point diagrams of the 
systems under consideration. The removal of sulphur from the 
easily prepared higher polysulphides was effected by heating them 
in a steady stream of hydrogen. At half-hourly intervals, the 
heating was interrupted, and, after cooling, the amount of sulphur 
lost by the substance was determined by weighing. During each 
period of heating, the temperature was kept as nearly constant as 
possible, and its value was 25° higher for each period than for the 
one immediately preceding. The variations in the rate of removal 
of sulphur yielded valuable information with regard to the exist- 
ence of lower compounds, and especially as to their relative 
stabilities. 

The heatings were carried out in a slightly modified form of the 
electrically heated furnace already described. A porcelain crucible 
of known weight and containing the weighed substance was intro- 
duced into the furnace tube and the stream of pure, dry hydrogen 
started. The gas was prepared by the electrolysis of a soluzion of 
barium hydroxide, using a current of constant strength, thus 

U uU* 2 
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avoiding variations in its rate of flow. During the time that the 
temperature of the furnace was being adjusted to the constant 
value desired, the crucible was drawn into the cool upper portion 
of the tube, and on the expiration of each heating period the sub- 
stance was cooled quickly in the same way. 
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The weight of sodium tetrasulphide taken was 15°673 grams, and 
an analysis of the substance gave the following figures: 
0°5657 gave 0°4624 Na,SO,. Na=26°47. 
02464 ,, 13178 BaSO,. S=73°47. 
Na.S, requires Na= 26°44; S=73°56 per cent. 
The results obtained are represented graphically in Fig. 1, im 
which the loss in weight per 100 grams of sodium tetrasulphide is 
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plotted against the total time of heating. The temperature main- 
tained during the previous half-hour is shown, and points are given 
at which, from the loss of weight, the fused material should have 
the composition of the mono., di-, and tri-sulphides. 

As will be seen from the curve, the tetrasulphide undergoes 
considerable decomposition below 300°, and from this point the 
velocity with which the sulphur is removed increases regularly as 
the temperature rises until the composition of the fusion approaches 
that of the disulphide, the temperature by this time having risen 
to between 625° and 650°. Before the loss reaches that calculated 
for the disulphide, however, the direction of the curve changes 
markedly, and the removal of sulphur proceeds much more slowly. 
This retardation is indeed so marked as to render the preparation 
of the monosulphide by this method, at the temperatures attain- 
able in the apparatus described, practically impossible. 

The values given on the curve are, of course, only relative, since 
the rate of loss of sulphur must obviously depend on the surface 
area exposed by the fused substance and also on the rate of flow 
of the hydrogen stream. They do, however, indicate the existence 
of a disulphide, the stability of which towards heat far exceeds 
that of the higher compounds. 

The total loss of weight in the course of the experiment was 
6575 grams, and the composition of the product should therefore 
be Na=45°43 ; S=54°57 per cent. 

Analysis of the product gave the following results, which agree 
well with the composition calculated from the loss in weight: 


0°4846 gave 0°6795 Na,SO,. Na=45°40. 
03725 ,, 1°4810 BaSO,. S=54°62. 
Na,8, requires Na=41°76; S=58°24 per cent. 


From the excellent agreement between the composition of the 
product as determined analytically and that calculated from the 
loss in weight, it is clear that the sodium polysulphides do not 
volatilise to any appreciable extent when they are heated at 
temperatures within the limits mentioned, and this was found to 
be equally true in the case of the potassium compounds. Biltz and 
Wilke-Dérfurt (loc. cit.) found, however, that when the disulphides 
of rubidium and cesium were prepared by this method, volatilisa- 
tion invariably occurred, and to a greater extent in the case of 
the cesium compounds than in the case of those of rubidium. It 
would seem, therefore, that the polysulphides of the alkali metals, 
like the halogen salts, show an increasing tendency to volatilise 
with rise in the atomic weights of the metals from which they are 
derived. 
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Turning to the preparation of potassium disulphide, the weight 
of the pentasulphide taken was 17°853 grams. The purity of the 
salts was established by analysis, in which the following results 
were obtained : 

0°3587 gave 0°2816 K,SO,. K=32°76. 

0°2752 ,, 13429 BaSO,. S=67-09. 

K,S, requires K=32°78; S=67°22 per cent. 
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The removal of sulphur was effected and controlled in the 


manner already described, and the results obtained are shown 
graphically in Fig. 2. 
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Whereas sodium tetrasulphide decomposes slightly at its melt- 
ing point, 274°, and loss of sulphur is appreciable at 300°, 
potassium pentasulphide appears to be more stable at its melting 
point, although in this case also appreciable loss of sulphur occurs 
at 300°. 

As in the case of the sodium compound, the rate of removal of 
sulphur increases regularly as the temperature is raised, but the 
curve appears to indicate a slight retardation when the composition 
of the fusion approximates to that of the trisulphide, thus furnish- 
ing evidence of the existence of that compound as a substance the 
sulphur pressure of which remains constant betwen definite 
temperature limits. In the case of potassium, also, the great 
stability of the disulphide may be deduced from the marked 
change in the direction of the curve when the composition of the 
fusion approaches that of that compound. Even at 750° the 
further removal of sulphur takes place very slowly indeed. 

The final product of the experiment, after cooling, was analysed, 
and gave the following figures: 

0°3935 gave 0°4838 K,SO,. K=55'17. 

04017 ,, 1°3008 BaSO,. S=44-49. 

K,8, requires K=54°94; S=45-°06 per cent. 

The total loss in weight was 7°306 grams, and from this, assuming 
that no volatilisation of the sulphides had taken place, the com- 
position of the product should have been K=55°46; S=44°54 per 
cent. 

It is evident that sulphur had been removed in excess of the 
amount required for the formation of potassium disulphide. The 
agreement between the values obtained and those calculated from 
the loss in weight is not so good as in the previous experiment, 
but the divergence lies within the limits of reasonable experimental 
error. Since on examination of the furnace tube no trace of sub- 
limed sulphide, such as Biltz and Wilke-Dérfurt describe in the 
eases of the rubidium and cesium compounds, was found, it was 
concluded that, as in the case of the sodium compounds, no appreci- 
able volatilisation had occurred. 

Both potassium pentasulphide and sodium tetrasulphide fuse to 
deep red, almost black liquids, and this is also true of the various 
products obtained from them by the removal of sulphur. On 
solidification, the penta- and tetra-sulphides crystallise quickly 
with very little supercooling, and the disulphides also crystallise 
quite readily, although supercooling is more marked in their case. 

Between the di- and the tetra-sulphides, however, and especially 
in the neighbourhood of the trisulphides, red, glass-like substances 
were always obtained. In these cases, inoculation often failed to 
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promote crystallisation, and the amorphous substances thus 
obtained could be kept for considerable periods at the temperature 
of the laboratory. Crystallisation usually took place with great 
rapidity when the temperature was raised, and, owing to its being 
accompanied by considerable increase of volume, shattering of the 
containing vessel commonly resulted. After crystallisation, the 
mass usually remained transparent and red, but presented the 
appearance of fracture in all directions. When the substances 
after crystallisation were allowed to remain, the crystalline form 
apparently changed, and the mass became opaque and pale yellow, 
the depth of the colour depending on the percentage of sulphur 
in the substance. In all cases the products were soluble in water, 
forming clear, yellow solutions, which, however, rapidly became 
cloudy owing to oxidation. The solutions of the disulphides were 
only faintly coloured, but increase in the sulphur content was in 
each case accompanied by a progressive increase in the intensity 
of the coloration. 


The System, Sodiwm Monosulphide-Sulphur. 


The apparatus employed in the investigation of this system has 
already been described. Every experiment was carried out in a 


stream of nitrogen which had been passed over red-hot copper and 
then over phosphoric oxide. 

During the cooling of the mixtures, the temperature was read 
every fifteen seconds. The accuracy of the measurements depended 
not only on the exactness of the temperature readings, which in 
the case of the thermometer could be trusted to 0°2°, and in that 
of the pyrometer to 1—1°5°, but also on the general tendency of 
the curve and the ease with which crystallisation could be induced. 
Thus the error in the neighbourhood of the disulphide, where the 
curve is steep, is probably far greater than in the regions where 
the curve is comparatively flat. Similarly, higher accuracy is 
attainable in the case of those mixtures which solidify sharply 
without supercooling than in the case of those in which the 
tendency to supercooling is very great, and crystallisation, even in 
the most favourable circumstances, only proceeds slowly. In these 
cases, the error in single determinations may be relatively great. 

The results obtained in the analysis of the original material 
used for the construction of the section of the diagram lying 
between the disulphide and the tetrasulphide have already been 
given. On analysis, the tetrasulphide employed as_ starting 
material for the mapping out of the remaining portion of the curve 
gave the following figures: 
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0°4931 gave 0°4019 Na,SO,. Na=26°39. 
0:2785 ,, 1°4904 BaSO,. S=73°52. 
NaS, requires Na= 26°44; S=73°56 per cent. 


At the commencement of each series of experiments, the sub- 
stance, the crucible containing it, and also the thermometer and 
stirrer employed, were weighed. After each solidifying-point 
determination, the fusion was allowed to cool in an atmosphere of 
nitrogen, and, when cold, after removing the volatilised sulphur, 
the substance, etc., were re-weighed. The increase in weight gave 
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the amount of sulphur actually added, and from this the per- 
centage composition of each fusion was calculated. 

As a check on the compositions determined in this way, the final 
mixture obtained in each series of measurements was analysed. 
In every case the analytical results agreed well with the percentage 
compositions calculated from the total increase in weight. 

In table I, the experimental results obtained for the different 
mixtures investigated are given, and they are also graphically 
represented in Fig. 3. In this diagram, the solidifying points of 
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the mixtures used are plotted against their compositions, the latter 
being expressed as the number of gram-atoms of sulphur added per 
am-molecule of sodium monosulphide. 

As will be seen by reference to the curve, the system contains 
two well-defined eutectics, the first of which lies between the tri- 
sulphide and the tetrasulphide, contains 68°15 per cent. of sulphur, 
and melts at 222°6°, whilst the second lies between the tetra- and 
penta-sulphide. The melting point of this second eutectic is 
247°6°, and it contains 75°48 per cent. of sulphur. In addition to 
these, there can be no doubt from the general tendency of the 
curve that eutectics also exist between the di- and tri-sulphides, 
and also between the monosulphide and the disulphide. Owing 
to undercooling, the melting point of the di-tri eutectic could not 
be determined accurately, but it is in the neighbourhood of 206°, 
and the mixture contains approximately 65 per cent. of sulphur. 

For the definition of the monosulphide-disulphide eutectic, only 
one observation was obtained, and this was made pyrometrically. 
The halt, which was fairly distinct, occurred at a temperature of 
432°, Although the existence, and especially the exact solidify- 
ing point, of this eutectic mixture cannot be considered to be 
determined by such a single measurement, it should be pointed 
out that the observation is in agreement with the general direc- 
tion of the curve, so that, on the whole, the conclusion is justified 
that the mono-di eutectic does exist, and that its solidifying point 
is probably in the neighbourhood of 430°. It contains approxim- 
ately 55°8 per cent. of sulphur. 

The solidifying point of the monosulphide has not been deter- 
mined, since a sufficiently high temperature could not be obtained 
in the apparatus employed. It would seem probable, however, 
from the direction of that portion of the curve which lies between 
the monosulphide and the mono-di eutectic, as defined by the two 
points actually observed, that the melting point of the mono- 
sulphide must exceed 800°. 

Turning to the maxima exhibited by the diagram, the first 
maximum occurs when the composition of the mixture corresponds 
with the disulphide, the temperature being 445°. From the fact 
that on either side of this point the curves fall away very steeply, 
it follows that the disulphide is quite stable towards heat at its 
melting point. 

From the disulphide, the solidifying points of the mixtures fall 
nearly 250° until the di-tri eutectic is reached, from which point 
they again rise, but much less rapidly. In the case of the tri- 
sulphide, a definite maximum is not shown, but the existence of 
this compound is established, first, by the pronounced break which 
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is observed in the curve when the mixture has the composition of 
the trisulphide, and, secondly, by the presence of both di-tri ang 
tri-tetra eutectics. 

The absence of a definite maximum is evidence of the unstable 
character of the trisulphide, which must decompose at a tempera- 
ture below its melting point. 

From the break indicating the existence of the trisulphide, the 
curve again rises to a maximum at 275°, at which point the fusion 
has the composition of the tetrasulphide. Thus the existence of 
this compound as a substance stable at its melting point js 
established. 

The behaviour of mixtures containing a higher percentage of 
sulphur than the tetrasulphide is interesting. As the sulphur 
content is increased, the solidifying points become lower until the 
tetra-perta eutectic melting at 247°6° is reached. From this 
point the curve appears to be almost horizontal, but on closer 
inspection a very slight rise can be seen which reaches a maximum 
at 251°8°, the rise therefore being only 4°2°. At this maximum 
point, the substance has a composition practically identical with 
that of the pentasulphide. 

Kremann (Monatsh., 1904, 25, 1311) has shown that in the case 
of additive compounds, dissociation must theoretically result in 
the flattening of the maximum, and that this flattening must be 
the greater the greater the extent to which dissociation takes place. 
He has _ investigated cases, for example, trinitrobenzene- 
naphthalene, in which the solidifying points of both eutectics and 
that of the compound only differ by one or two degrees. It would 
appear that in the case of sodium pentasulphide, the fused sub- 
stance is so strongly dissociated that the dissociation products are 
able to lower the maximum to a point very little above the tetra- 
penta eutectic on the one hand, and the solidifying point of the 
saturated solution of sulphur in sodium monosulphide on the 
other. Abegg and Hamburger (Zeitsch. anorg. Chem., 1906, 50, 
435) have recorded a similar observation in the case of the poly- 
iodides of potassium, and their results have been confirmed 
by Kremann (Monatsh., 1912, 38, 1081). In this case, the differ- 
ence between the maximum and the eutectic temperatures was 
found to be 3°7°. 

The results obtained by the authors in their present investiga- 
tion lead to the conclusion that the pentasulphide is the highest 
polysulphide obtainable by fusing together sodium monosulphide 
and sulphur, for immediately beyond the pentasulphide maximum 
the curve becomes horizontal, indicating the formation of a 
saturated solution of sulphur in the latter compound. The melt- 
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ing point of the saturated solution is 249°6°, and several points 
were obtained differing from this value by only 0°-1—0°2°, although 
the sulphur content was varied considerably. 

In order to make quite certain that this horizontal line really 
represented the formation of a saturated solution, the solidifying 
point of a mixture of equal amounts of sodium tetrasulphide and 
sulphur was determined. After the fused mixture, had been 
thoroughly stirred, it separated into two layers, the lower of which, 
the saturated solution, solidified at 249°4°, whilst the upper layer 
of sulphur remained liquid until the temperature had fallen to 
118°, when it solidified to a pale yellow mass. From the appear- 
ance of the sulphur so obtained, and also from its solidifying point, 
it would seem that the sodium polysulphides do not dissolve in 
molten sulphur to any appreciable extent. 

No evidence whatever is furnished by the results cbtained in this 
investigation of the existence of intermediate compounds, such as 
the enneasulphide. If intermediate compounds exist at all, they 
can only do so at low temperatures. 


The System, Potassium Monosul phide—Sulphur. 


The methods and apparatus employed in the investigation of this 
system were exactly similar to those already described when dealing 


with the sodium series. 

As starting materials, the pure pentasulphide was used in one 
case, and mixtures obtained by expelling sulphur from the penta- 
sulphide by heating it in a stream of hydrogen were employed in 
other series. Analyses of the pentasulphide and of a mixture con- 
taining less sulphur than the disulphide have already been given. 
In addition to these, a third material was employed, which on 
analysis gave the following results: 

04971 gave 0°4639 K,SO,. K=41°88. 

02333 ,, 0°9856 BaSO,. S=58°04. 

These figures agree well with the composition calculated from 
the loss in weight, and the substance therefore approximates to the 
trisulphide. 

At the end of each series of determinations the final product was 
analysed. In every case the figures obtained were found to be in 
good agreement with the composition calculated from the weight 
of sulphur added in the course of the series. 

The results obtained are given in table II, and in Fig. 4 they 
are represented graphically. 
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An examination of the diagram renders quite clear the existence 
of three well-defined eutectic horizontal lines which lie between 
the di- and tri-sulphides, the tetra- and penta-sulphides, and the 
penta- and hexa-sulphides respectively. The eutectic mixtures 
corresponding with these horizontal lines have the following com- 
positions and melting points: 
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Di-tri eutectic, S=54°32 per cent., m. p. 250°9°. 

Tetra-penta eutectic, S= 62°31 per cent., m. p. 143°4°. 

Penta-hexa eutectic, S=70°39 per cent., m. p. 182°9°. 

Owing to the difficulty of obtaining the necessary material and 
the previously mentioned limitation of the apparatus employed, the 
region between the mono- and di-sulphides has not been investi- 
gated. 

Between the trisulphide and the tetrasulphide a region was 
encountered in which the tendency of the fusions to form highly 
supercooled, amorphous masses was very marked, and here no trust- 
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worthy transition points could be obtained. It seems probable 
that the amorphous substance referred to in the table really 
consists of the tri-tetra eutectic mixture. 

The curve exhibits five maxima, of which those corresponding 
with the di-, tri-, and penta-sulphides are quite distinct. They 
occur at temperatures of 470°, 252°, and 206°5° respectively. The 
compounds mentioned, therefore, can exist as stable substances at 
their melting points. 

Of the two remaining maxima, that which indicates the exist- 
ence of the hexasulphide, and is found at 189°, is flattened in the 
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same way as the previously discussed sodium _pentasulphide 
maximum, being but 1° higher than the saturated solution line 
on the one hand and 6° above the penta-hexa eutectic on the 
other. Potassium hexasulphide is therefore very considerably dis 
sociated at its melting point. 

In the case of the tetrasulphide, the curve shows no definite 
maximum, but the existence of this compound, the least stable 
towards heat of the polysulphides of potassium, is indicated by the 
decided break observed in the curve at the point where the com- 
position of the fusion corresponds with that of this compound. 
The temperature at which this break occurs is 145°5°. 

At 188°, when the mixture contains 71°5 per cent. of sulphur, 
the curve becomes horizontal, and the addition of comparatively 
large amounts of sulphur does not affect the solidifying point. 
When a sufficiently large amount of sulphur is added _ separation 
into two layers can be observed, the one consisting of a saturated 
solution of sulphur in the hexasulphide, solidifying at 188°, whilst 
the other solidifies at 117°5°, and is practically pure sulphur. 

As in the case of the sodium series, this investigation furnished 
no evidence whatever of the existence of intermediate compounds, 

A comparison of the results of this investigation with the work 
of Biltz and Wilke-Dérfurt (loc. cit.) on the polysulphides of 
rubidium and cesium is interesting, and brings out more clearly 
the observation made by the authors in an earlier paper that, 
whilst the polysulphides of potassium, rubidium, and cesium 
resemble one another very closely, the sodium compounds exhibit 
notable differences. Thus, whilst the three elements first named 
all form hexasulphides and stable pentasulphides, in the case of 
sodium no trace of the existence of a hexasulphide could be 
detected, and the pentasulphide is relatively unstable. On the 
other hand, sodium tetrasulphide is stable and the trisulphide 
unstable, this order being reversed for the potassium, rubidium, 
and cesium compounds. As regards their appearance, stability, 
and solidifying points, all the disulphides appear to be similar in 
character. Towards heat, these compounds show greater stability 
than any other of the polysulphides of the alkali metals. 

For purposes of comparison, the solidifying points of the com- 
pounds and eutectic mixtures investigated by the authors, together 
with the values obtained by Biltz and Wilke-Dérfurt in the 
rubidium and cesium series, are given in table III. 
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Compound or eutectic. Sodium. Potassium. Rubidium. Cesium. 
Disulphide 445-0° 471-0° 420-0° 460-0° 
Di-tri eutectic 206-0 250-9 200-0 205-5 
Trisulphide 223-5 252-0 213-0 217-0 
Tri-tetra eutectic 222-6 ?(amorphous) 148-5 151-0 
Tetrasulphide 275-0 > 145-0 > 160-0 > 160-0 
Tetra-penta eutectic 247-6 143-4 159-5 159-5 
Pentasulphide 251-8 206-0 231-0 210-0 
Penta-hexa eutectic “+ 182-9 189-8 178-0 
Hexasulphide — 189-0 201-0 186-0 
Saturated solution 249-6 188-1 184-6 172-8 


The Molecular Weights of the Polysulphides of Sodium and 
Potassium in Alcoholic Solution. 


The view expressed by Bloxam (loc. cit.) that the character of 
the polysulphides of the alkali metals is better denoted by the 
general formula R,S, than by the usually accepted formula R,S,, 
and that they are to be regarded as derivatives of a compound of 
the type R,S,;, has already been referred to. The existence of 
compounds of the last-mentioned type has not been established by 
substantial experimental evidence, but the theory was put forward 
as an attempt to bring the various intermediate compounds which 
Bloxam claimed to have isolated, of which the so-called ennea- 
sulphides are the best examples, into line with those compounds, 
such as the tetra- and penta-sulphides, the existence of which was 
generally recognised. 

As regards the rubidium and cesium compounds, Biltz and 
Wilke-Dorfurt (/oc. cit.) found no trace of any such intermediate 
compounds, and the present authors conclude similarly in the cases 
of the sodium and potassium compounds. Intermediate com- 
pounds, if they exist at all, must be of an extremely unstable 
character. 

In order to obtain further evidence as to whether the single or 
the double formula is to be preferred for these compounds, the 
molecular weights in alcoholic solution have been determined for 
such of them as can readily be obtained in the pure state. For 
this purpose, the ebullioscopic method was employed. Carefully 
dried alcohol was used, and the polysulphides employed had also 
remained for several days over phosphoric oxide. In every case 
their purity was established by analysis. 

Several determinations were carried out with each substance, 
solutions of different concentrations being used. It should be 
pointed out, however, that owing to the sparing solubilities of 
sodium sulphide and potassium pentasulphide, it was not possible 


1082 THOMAS AND RULE: THE POLYSULPHIDES 


in the cases of these substances to vary the concentration of the 
solutions used to any considerable extent. 
The following results were obtained : 


Sodium Disulphide. 
Weight of 
substance Weight of 
Number of taken. alcohol. 
experiment. Gram. Grams. E. M.W. 
1 0-2396 32-20 0-098° 7 57) 
2 0-3441 31-24 0-173 74-49 »Mean = 73-01, 
3 0-3684 31-67 0-184 73-97] 
Na,S, requires M.W. = 220-28. 
Nas. 8 » o = 110-14. 


Sodium Tetrasulphide. 


Weight of 
substance Weight of 
Number of taken. alcohol. 
experiment. Grams. 3rams. E. M.W. 
0-2210 31-46 0-071° 115-76 
0-4278 30-91 0-152 106-53 
0-6194 30-13 0-200 120-26 
0-8968 30-65 0-290 118-05 
1-1836 31-07 0-358 123-07 


Na,S, requires M.W. = 348-56. 
NaS, ia » == 174-28. 


Mean excluding 
No. 2 = 1198, 


Potassium Pentasulphide. 


Weight of 
substance Weight of 
Number of taken. alcohol. 
experiment. Gram. Grams. , M.W. 
l 0-2761 30-69 -06§ sree! I — 157.95 
2 0-3478 31-41 51:94 f Mean = 167: 
K,S,,. requires M.W. 


25 ” ” 


In the case of each polysulphide investigated, the mean observed 
value for the molecular weight was found to be considerably lower 
than that required by even the simple formula R,S,, and there 
can therefore be little doubt that under these conditions the 
double formula is quite out of the question. 

The uniformly low results obtained require, however, some 
further explanation. They may be accounted for in two ways. 
In the first place, alcoholysis of the solution may occur in accord- 
ance with the equation 

R.S,+2C,H;-OH — 2C,H,;-OR+H,S8+8, -}. 
The result of such a reaction would be to reduce the weight of 
aleohol actually acting as solvent, whilst at the same time the 
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number of molecules in solution would be increased. Both these 
results would tend to lower the observed molecular weight. 

That alcoholysis does occur to some extent is certain, for in 
every determination the solution obtained was bright green. This 
phenomenon has been noted in an earlier paper (T., 1914, 105, 
188), and was there shown to be due to the separation of minute 
particles of sulphur formed by the decomposition of the poly- 
sulphide by alcohol. Since, however, the amounts of hydrogen 
sulphide given off from such solutions, even during prolonged boil- 
ing, were so small as to be practically negligible, the alcoholysis 
cannot be very considerable. 

In the case of sodium tetrasulphide, if one supposes the above 
equation to represent the reaction and the sulphur produced to 
be insoluble, the substance would have to be alcoholysed to the 
extent of more than 45 per cent. in order that the molecular weight 
might have the observed value. Taking all the known facts con- 
cerning the polysulphides of the alkali metals into consideration, 
this cannot be deemed probable. This opinion is strengthened by 
the behaviour of sodium tetrasulphide in aqueous solution. One 
would naturally expect this compound to be decomposed by water 
toa far greater extent than by alcohol, yet Kiister and Heberlein 
(loc. cit.) have shown that in 0°1N-solution at 25° the extent of 
the hydrolysis is only 11°8 per cent. 

On the other hand, the low values obtained by the ebullioscopic 
method for the molecular weights may be due to the ionisation of 
the polysulphides in alcoholic solution. Supposing this to be the 
case, and assuming that the alcoholysis is so slight as to be 
negligible, in order to account for the difference between the 
observed and the theoretical values the degree of ionisation must 
be of the order of 25 per cent. 

Turner (Amer. Chem. J., 1908, 40, 588) has studied the ionisa- 
tion of alcoholic solutions of various halogen salts of the alkali 
metals, in particular of potassium iodide. He employed the con- 
ductivity method, and the results of his work lead to the con- 
clusion that a 0°1N-solution of this salt is ionised to the extent of 
35 per cent. at its boiling point. 

Whilst, therefore, the evidence is insufficient to permit of a 
definite conclusion being drawn, the authors are of the opinion 
that, although alcoholysis may in some measure give rise to the 
observed abnormalities, its effect must be comparatively slight, and 
the main cause must be looked for in the direction of ionisation 
of the polysulphide solutions. With the view of gaining further 
information on this point, the conductivities of alcoholic solutions 
of the polysulphides will be investigated at a later date. 
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Summary and Conclusions. 


The systems, sodium monosulphide-sulphur and potassium 
monosulphide-sulphur, have been investigated by a_ thermo 
analytical method, and in each case the existence has been estab. 
lished of a complete series of compounds to which the general 
formula R.S, may be assigned, where x is a whole number having 
the maximum value 5 in the sodium series and 6 in the case of the 
potassium series. 

No evidence whatever has been obtained of the existence of 
intermediate compounds, such as the enneasulphide described by 
Bloxam. , 

The thermal diagram for the potassium series closely resembles 
those obtained by Biltz and Wilke-Dérfurt for rubidium and 
cesium. In the sodium series, however, the resemblance is much 
less striking. The sodium compounds differ in appearance and 
properties, the maximum combining power of the metal is less, and 
strict parallelism can no longer be observed between this series and 
the potassium, rubidium, and cesium series as regards the com- 
parative stabilities of compounds of corresponding compositions. 
This is in accordance with the behaviour of the alkali metals in 
their compounds with other elements, notably with iodine. 

In connexion with the preparation of the materials necessary 
for the main research, the rate at which sodium tetrasulphide and 
potassium pentasulphide lose sulphur when they are heated ina 
steady stream of hydrogen at regularly increasing temperatures 
has been investigated. The results obtained lead to the conclusion 
that the disulphides in each case are extremely stable compounds 
from which sulphur can only be removed with difficulty. 

The bearing of this on the constitution of the polysulphides is 
of some interest. This question has been discussed by many 
authors, but the views put forward by Spring and Demarteau 
(Bull. Soe. chim., 1889, [iii], 1, 11) and Kiister and Heberlein 
(Zeitsch. anorg. Chem., 1905, 48, 72) appear to be the most 
important. The first-mentioned authors point out that whilst 
towards inorganic substances the polysulphides behave in accord- 
ance with the general formula R,SS,, their reactions with alkyl 
haloids are best explained by assuming that they possess the 
formula R.S.S,, in which the first two sulphur atoms in the mole 
cule play quite a different part from the remainder. Spring and 
Demarteau favour the latter formula, considering the higher poly- 
sulphides merely to be solutions of sulphur in the disulphides. 

Kiister and Heberlein criticise this view on the ground that if 
it were true, all polysulphides, being essentially salts of hydrogen 
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disulphide, should be hydrolysed in solution to the same extent, 
for the hydrolysis could not be influenced by the mere physical 
lution of sulphur. They consider that the constitutions of the 
polysulphides and the polyiodides are analogous, and since it is 
generally recognised that the latter compounds are best repre- 
sented by the formula RI,I,, they conclude that the constitution 
of the polysulphides is best expressed by the formula R,§,8,. 

With the criticism of Kiister and Heberlein the present authors 
are in agreement. Nevertheless, their results certainly favour the 
view that in the polysulphide molecule two atoms of sulphur are 
in a different state of combination from the remainder. They 
suggest that the disulphides should be regarded as being derived 
from the form of hydrogen disulphide analogous to the tautomeric 
form of hydrogen peroxide. They would thus possess the formula 
R-S:S*R. From this substance, the higher polysulphides are 
obtained, not by solution of sulphur, but by further combination. 

R'S3S 


Thus, the trisulphide would be represented by the formula RS , 


. R-Sis 
the tetrasulphide by Ik 


Sg ONG. 
VS.s 

In this way, the criticism of Kiister and Heberlein is obviated, 
whilst still retaining an explanation of the difference in behaviour 
of two sulphur atoms in the molecule from that of the remainder. 

Taken in conjunction with the work of Biltz and Wilke-Dorfurt, 
the results of the present investigation establish that the volatili- 
ties of the polysulphides of the alkali metals increase with rise in 
the atomic weight of the metal. This is in agreement with the 
well-known behaviour of the halogen salts of these metals. 

With the object of deciding between the simple formula R,S, 
and the doubled formula R,S,, the molecular weights of several 
polysulphides in alcoholic solution have been determined by the 
ebullioscopic method. Under these conditions, there can be no 
doubt that the simpler formula is the correct one. The results 
obtained were, however, very considerably lower than even the 
simple formule require. The authors attribute this to the ionisa- 
tion of the solutions, and it is calculated that, assuming alcoholysis 
to be negligible, such ionisation takes place to the extent of about 
25 per cent. 


In conclusion, the authors wish to express their thanks to Mr. 
F. Hughes, who has rendered valuable assistance in the prepara- 
tion of some of the materials used in the work. 

Iyorncanic LABORATORIES, 
University oF LivERPOOL. | Received, September 7th, 1917.] 
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XCV.-—Studies in Catalysis. Part VIII. Therm. 
chemical Data and the Quantum Theory. High 
Temperature Reactions. 


By Witi1am CupMore McCutiacH Lewis. 


Ir was shown in Part VII. (this vol., p. 457) that, on the basis of 
the radiation theory, the heat of a reaction is connected with the 
critical frequencies of the reactants and resultants by the relation: 


= Nhis Sp 
Q _ N h( Sv csuttants ~ mt saree * 


where WV is the number of molecules in 1 gram-molecule, h the 
Planck constant, and v the critical frequency of any given molecular 
species taking part in the reaction. It has already been pointed out 
that this relation was first deduced by Haber (Ber. Deut. physikal, 
Ges., 1911, 18, 1117), who also attempted to verify it in three cases, 
namely, the formation of potassium chloride, potassium iodide, and 
sodium chloride, from their elements. 

In the present paper it is proposed to consider the experimental 
data available at the present time with the object of obtaining, if 
possible, a wider experimental basis for the relationship. Incident- 
ally, it is necessary to reconsider Haber’s calculations. For our 
present purpose it is convenient to divide reactions into high ten- 
perature reactions and low temperature reactions respectively, indi- 
cating by the former that the chemical changes require quanta of 
great size, corresponding with the visible and ultra-violet regions oi 
the spectrum, indicating by the latter that the reactions are such 
that quanta belonging to the short infra-red region are sufficient to 
account for the critical increments involved. 


High Temperature Reactions. 


As examples of this class we are concerned mainly with the heats 
of formation of inorganic salts. To test the relation already given, 
it is necessary to know the critical frequency of each of the sub 
stances participating in the reaction. In a large number of cases 
these frequencies have not yet been directly observed. Haber 
(loc. cit.) has suggested, however, a very simple relation, which, 
although semi-empirical, may be employed in this connexion. This 
relation, which will be referred to as the square-root rule, states 
that the characteristic infra-red frequency, v,, of a substance, that is, 
the frequency of the residual ray which is capable of accounting 
approximately for the specific heat of the substance, is connected 
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with the characteristic frequency, v,, in the ultra-violet region in the 


following way : a 
Vv M 


vy ‘ nb 


where m is the mass of an electron and M is the molecular weight of 
the substance. The ultra-violet frequency, v,, referred to is that 
which corresponds with the maximum of the selective photo-electric 
effect. Employing the atomic weight for M in the case of a number 
of elements, the alkali metals, Haber has shown that the calculated 
and observed frequencies agree satisfactorily. 

Haber has extended the application of the square-root rule to the 
calculation of the characteristic ultra-violet frequency of solid com- 
pounds (salts). Thus, in the case of rock salt, Rubens and Asch- 
kinass have observed the characteristic infra-red band at 51°2 pn. 
Taking J/ as 58°46, the normal molecular weight of sodium chloride, 
the ultra-violet wave-length thus calculated is 156°4 up, which agrees 
extremely well with the value, 156°3 n, obtained by Martens from 
dispersion measurements. In the case of potassium chloride, the 
infra-red band occurs at 6l*lp, whence, employing the normal 
molecular weight of the salt in the square-root rule, Haber finds that 
the ultra-violet wave-length is 165°3 up, whilst Martens obtained 
160°7 up from the dispersion. The values quoted are those given by 
Haber. So far as these data go, they indicate the general applica- 
bility of the rule. Haber further points out that, in addition to the 
characteristic ultra-violet frequencies referred to in the above cases, 
the dispersion measurements indicate the existence of a still shorter 
wave-length. It is an interesting fact, although not bearing 
directly on the present problem, that these shorter wave-lengths may 
also be calculated with considerable accuracy by means of the 
square-root rule, provided we employ twice the molecular weight 
of the salt, for the quantity Jf. Thus, in the case of rock salt, the 
second ultra-violet absorption band is calculated to be 110°6 py, 
whilst Martens’s value, obtained from dispersion data, is 110°7 py. 
In the case of sylvine, Haber calculates, in a similar manner, that 
the shorter ultra-violet dispersional band should occur at 116°7 pp, 
whilst Martens has calculated the value 115°3 py. 

As already mentioned, Haber has applied the square-root relation 
to elements such as the alkali metals and to iodine, in which J is 
taken to represent the atomic weight, with satisfactory results. In 
the case of iodine, WM obviously represents one-half of the molecular 
weight of the substance in the dissolved or gaseous state. In general, 
therefore, the term M may refer to the normal molecular weight, or 
to one-half this quantity. That the relation is largely empirical is 
evidenced by this lack of precision as to the significance of Jf, 
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especially when we consider that the investigation of the solid State 
by means of the X-ray spectrometer has led to a quite new concep. 
tion of the molecular weights of solids. 

It would appear that in the large majority of salts the term y 
denotes the usually accepted value for the molecular weight, J]; 
will be shown later, however, that one-half of the molecular weight 
appears to be the correct quantity to employ in the case of the 
thallium haloids 

The significance to be attached to M is not entirely arbitrary. The 
following considerations serve as a guide. If we restrict ourselye 
to the chlorides, bromides, and iodides of a given metal, we would 
expect on general grounds to find a certain sequence in the ultra. 
violet frequencies, such as is found in the far infra-red region (com- 
pare Rubens and von Wartenberg, Sitzungsber. K. Akad. Wiss, 
Berlin, 1914, 169). That is, we would expect the bromide to occupy 
an intermediate position between the chloride and iodide. In the 
case of the thallium haloids, using the normal molecular weights, 
we obt.in for the ultra-violet frequencies, 15°52 x 10" for the 
chloride, 18°3 x 10“ for the bromide, and 15°21 x 10™ for the iodide. 
Using the half-molecular weights, the corresponding values are: 
15°21 x 104, 12°93 x 10%, and 10°76x10". In the first case the 
sequence is broken, in the latter it remains. We conclude, there 
fore, that the latter values are more nearly correct. It will be shown 
later that the conclusions, here tentatively drawn, are borne out 
from the point of view of the heat determinations. 

In Haber’s consideration of the heats of formation of salts the 
process is regarded as involving the removal of electrons from 
certain atoms and their addition to others. Haber visualises the 
process in the following way for the union of a halogen with an 
alkali metal. 

Let us imagine an electric space lattice containing halogen atoms 
and atoms of the metal which have not yet reacted with one another 
to give the solid salt. The electric space lattice is supposed to 
possess properties which may be regarded as the mean of thos 
exhibited by solid halogen and solid metal separately. This mean 
or average state is then characterised by the single ultra-violet fre 
quency, (v,;+v»)/2, where v, is the frequency of the alkali metal by 
itself and v, is that of the solid halogen. When transfer of the elec 
tron has taken place, the nature of the space lattice is altered, the 
frequency being now that of the alkali salt. Haber then proceeds to 
determine whether the work * term, Av, involved in the removal of 


* Haber regards the quantum as measuring the work of removing a 
electron. It would appear more justifiable to identify the quantum with the 
total energy change involved in the transfer of the electron. 
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an electron from the alkali haloid salt space lattice, is equal to the 
heat of formation reckoned per gram-molecule, together with the 
work term h(0°5v, + 0°5v9). 

The first case considered by Haber is that of potassium iodide. 
The heat evolved by the union of the solid elements to produce the 
solid salt is 80,100 cals. per gram-molecule of the salt. Pohl and 
Pringsheim have observed the selective photo-electric effect of potass- 
jum, the frequency being v,=0°685 x 10%. From measurements of 
the atomic heat of iodine, it follows that the characteristic iodine 
frequency in the infra-red is 2°0x 10". Employing the square-root 
rule, with 1/=127, Haber calculates the ultra-violet frequency of 
solid iodine to be v;=0°9646 x 105. Hence, 

Nh(0'5yv, + 0°5v,) = 79,630 cals. 

The heat of union of X and J=80,100 _,, 

Hence, for the salt, Vhvy, = 159,730 a 

From this result Haber calculates the ultra-violet frequency of the 
salt to be 1°654 x 10% Applying the square-root rule, in the inverse 
manner, Haber calculates from this value the characteristic fre- 
quency of the salt in the far infra-red region. The result, expressed 
in wave-length, is 100». The value observed by Rubens (loc. cit., 
1914) is 94°1 ». The agreement is fairly good. 

Haber next considers the formation of sodium chloride. The heat 
of reaction between solid chloride and sodium is taken to be 94,600 
cals. The ultra-violet frequency of rock salt, obtained from disper- 
sion measurements, is 1°918 x 10 or A,=156'4 wp. This corresponds 
with the value 185,200 cals. for Vhvy,.,, the radiant energy re- 
quired to activate one gram-molecule of the salt. Subtracting the 
heat of formation from this quantity, we find the value of (O'5vq + 
0-5v,,), namely, 0°9382 x 10%, for half the sum of the frequencies of 
sodium and chlorine. On doubling this value and subtracting from 
it the ultra-violet frequency of sodium, which Pohl and Pringsheim 
have found by experiment to be vy, =0°947 x 104,* we obtain the 
value vo,=0°9294 x 1015 for the ultra-violet frequency of solid 
chlorine. Haber uses this to calculate the density of solid chlorine, 
employing a relation of Lindemann, and finds a number of the 
order which would be anticipated. This, however, is not a rigid 
test. Haber, therefore, considers the two following reactions simul- 
taneously: K+CIl=KCl and Na+Cl=NaCl. On subtracting the 
second equation from the first, we obtain : 

K + NaCl=KCl+ Na. 


* The above value is that quoted by Haber. The corresponding wave- 
length is 317 uz. Recent measurements by Pohl and Pringsheim, however, 
give the value 340 up for the maximum of the selective photo-electric effect of 
sodium (compare Hughes, “ Photo-electricity,” p. 84). 

VOL. OXI. xXx xX 
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The corresponding energy expressions are: 


Nive, — 9°5 (vq + vo.) ] = Oxc- 
Nh vsaci — 9°5(¥ x4 + Ver) ) = Qsaci- 
which give on subtraction 
N1(vgc1 — Vsac: — 0°5vq + O'Svy4) = Oxar - Onacr- 

If we now write v, =0°685 x 10%, vy,¢, =1°918 x 10%, v,, =0°947 x 
10, we can calculate the ultra-violet frequency of sylvine. The 
value thus obtained is 1°8683x 10% or A,=160°5 pu, which is in 
excellent agreement with the value calculated by Martens from dis 
persion measurements, namely, 160°7 pu. 

Reviewing Haber’s treatment of the problem, it is evident that 
considerable doubt exists as regards the mechanism whereby half 
the sum of the frequencies of the halogen and metal is introduced, 
although it is evident that the results obtained by this means are 
in good agreement with the observed values. On the basis of the 
expression for the heat of a reaction, quoted at the beginning of 
this paper, we should have expected the sum of these two quanti- 
ties, not half the sum. MHaber’s concept of the mechanism of 
union of the halogen atom with the atom of the alkali metal seems 
to involve a rather artificial mean stage, which is itself regarded 
as the starting point of the process. 

An alternative view might be taken of the mechanism, and this 
view has the advantage that it does not restrict us to the solid 
state only. If we suppose that the ultra-violet quantum, corre- 
sponding with the selective photo-electric effect, breaks the bond 
between two adjacent atoms, that is, activates two atoms in a 
chemical sense, then one quantum characteristic of sodium plus 
one quantum characteristic of chlorine serves to bring about the 
following reaction: 2Na+2Cl=2NaCl. Hence the heat of forma- 
tion, 20, reckoned for two gram-molecules of the salt, would be 
given by 

[ 2Nhys.cr — (Naya + ver) }; 
or the heat of formation of one gram-molecule is given by 


[ Nhvyyco — OO NA(vy, + ve) ], 


which is simply Haber’s expression, without any assumption being 
made as to a mean stage. 


Dissociation of the Halogens. 


The dissociation of chlorine, bromine, and iodine may be cot 
sidered before the question of the formation of salts, as the data 
are required for later calculations. 
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It will be observed that the relation 
Q _ NAC Srresuitants fe Drreactants ) 


is identical with Q = (Eresuttants — Ereactants): 
where # stands for the critical increment as defined in previous 
papers. 

In the case of gaseous iodine and bromine, Evans (Astrophys. 
J., 1910, 32, I, 291) has found that, on raising the temperature, 
the bands in the visible region finally disappear, the lowest 
observed temperature of disappearance being 950°. The tempera- 
ture of disappearance of colour is a function of the pressure of the 
gas, the greater the pressure the higher being the temperature of 
disappearance. In view of this behaviour, Evans has concluded 
that the disappearance of colour is due to dissociation into atoms, 
which evidently do not absorb in the visible region. The atoms 
must absorb either in the ultra-violet or the infra-red region. 

The heat of dissociation of the halogens is negative, heat being 
absorbed in the process. In order that Q may be negative, the 
critical increment of the reactant (molecular form) must be greater 
than the increment of the resultant (atomic form). Hence, on 
taking Evans’s results into account, and applying the radiation 
expression, we conclude that the critical increments of the atoms 
correspond with quanta in the infra-red region. Further, the 
heats of dissociation represent quantities of energy considerably 
greater than those obtainable from the infra-red region. It is 
obvious that, in the case of gaseous dissociation, the critical incre- 
ment of the reactant must exceed the observed heat of dissocia- 
tion. If, however, the critical increments of the resultants are 
small, as in the present case, the heat of dissociation cannot be 
very different from the critical increments of the corresponding 
undissociated molecules. 

The observed heats of dissociation per gram-molecule at a fairly 
high temperature, that is, at a temperature at which the dissocia- 
tion becomes measurable, are in round numbers as follow: 
chlorine, —113,000 cals. (compare Pollitzer, Ahrens “Sammlung,” 
1912, 17, 434); bromine, —50,000 cals. (Bodenstein and Cramer, 
Zeitsch. Elektrochem., 1916, 22, 327); iodine, —36,860 cals. 
(Bodenstein and Starck, ibid., 1910, 16, 961). 

The values in the case of bromine and iodine are known with 
considerable exactness ; that for chlorine is a rough approximation 
only. From a consideration of the temperature range at which 
these gases dissociate sensibly, it is evident that we are dealing 
with high temperature reactions, that is, reactions which require 
larger quanta than those which correspond with the short infra- 

x x 2 


1092 LEWIS: STUDIES IN CATALYSIS. PART VII. 


red region. Further, iodine dissociates more easily than bromine 
and bromine more easily than chlorine. We would expect, there. 
fore, that the critical energy, and hence the size of the correspond- 
ing quantum, would increase in the order: iodine, bromine, 
chlorine. This sequence is also exhibited by the values of the 
respective heats of dissociation. 

To show that radiation in the visible region is capable of sup 
plying quanta of the necessary size, we may proceed in the follow- 
ing approximate manner. As indicated by its violet colour, iodine 
absorbs largely in the red end of the visible spectrum. Assuming 
that the characteristic wave-length is of the order 700 pp, it follows 
that the critical increment per gram-molecule is 41,000 cals, in 
round numbers. This is slightly greater than the observed heat 
of dissociation. It is therefore a possible value. Similarly, if we 
take the wave-length 500 p to be characteristic of bromine, this 
wave-length corresponding with absorption in the green region, we 
find the critical increment per gram-molecule to be 57,000 cals. 
This quantity is somewhat greater than the observed heat of dis- 
sociation of bromine. Owing to the very extensive absorption of 
both iodine and bromine throughout the visible region, it is 
impossible at the present time to ascribe the critical increment to 
any particular band. The investigations of Hasselberg and of 
Konen (compare Konen, Ann. Phys. Chem., 1898, [iii], 65, 257) 
show that iodine possesses numerous bands in the visible region. 
The same is probably true of bromine, although a recent investiga- 
tion by Peskov (J. Physical Chem., 1917, 21, 382) indicates a 
broad maximum at 4364p, with considerable absorption down to 
600 pp. In the case of chlorine, a well-defined band has been 
measured by Brannigan and Macbeth (T., 1916, 109, 1277) in the 
near ultra-violet occurring at A=327 up. Peskov (loc. cit.) places 
the maximum at 334 py. Taking Brannigan and Macbeth’s value, 
it is found that the critical increment of chlorine is 86,750 cals. 
per gram-molecule. This is considerably less than the value quoted 
for the heat of dissociation, but it is to be remembered that the 
latter is a rough approximation, and the quantity 86,750 is 
theoretically an upper limit for the heat effect. We require the 
critical increments of the halogens in the gaseous state in dealing 
subsequently with the formation of salts. For this purpose, we 
shall employ the following average values: chlorine, 86,750 cals. 
per gram-molecule ; bromine, 57,000 cals. ; and iodine, 41,000 cals. 

It may be mentioned that the process of dissociation of chlorine, 
bromine, and iodine is one which requires larger quanta than are 
required for the decomposition of the corresponding halogen hydr- 
acids. The only exact measurements available in this connexion 
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refer to hydrogen iodide, for which the critical increment per 
ram-molecule is 20,000 cals., a quantity which corresponds with 
the short infra-red region. 


Heat of Formation of Salts 
Potassium Chloride. 


The characteristic ultra-violet frequency of this salt, as obtained 
from dispersion measurements, is 18°6x10", or A,=160°3 mp. 
The value of the critical increment Nhy,, is therefore 175,960 
cals. per gram-molecule. As regards the critical increment of 
potassium, the maximum of the selective photo-electric effect occurs 
at A=440 up, whence the increment is 64,517 cals. This amount 
of energy, on the view already suggested, represents the amount 
required to activate two adjacent atoms of potassium. The 
stoicheiometric equation requires one-half of this quantity. 
Similarly, the critical increment of one gram-molecule of chlorine 
or two gram-atoms of chlorine is 86,750 cals. The total critical 
increment of one gram-atom of each reactant is (64,517 + 86,750) /2, 
or 75,634 cals. Applying the equation 


Q = Nh Vresultant ™ N VV reactant: 


it follows that Q@=175,960—75,634= +100,330 cais. in round 
numbers, whilst Q, observed (Thomsen)= + 105,600 cals. Hack- 
spill (“Tables Annuelles,” 3, p. 588) gives the value 99,650 cals. 
for the heat of formation. The agreement between observed and 
calculated values is moderately good. It may be mentioned that 
if the square-root rule had been employed, with M=74°5, in the 
case of the salt and the infra-red frequency as determined by 
Rubens, the critical increment per gram-molecule would have been 
164,000 cals., which is somewhat lower than that obtained from 
dispersion measurements. As regards the observed heats of forma- 
tion of salts, it may be pointed out that the values given are in 
general obtained indirectly, so that the result is liable to a certain 
amount of error. 


Potassium Bromide. 


The characteristic infra-red band, as observed by Rubens (com- 
pare Rubens and von Wartenberg, Sitzwngsber. K. Akad. Wiss., 
Berlin, 1914, 169), occurs at A=82°6p. Measurements of the 
molecular heat of the salt require the wave-length 82°44 (Nernst, 
Ann. Physik, 1911, [iv], 86, 395) in the Nernst-Lindemann 
formula, that is, v» =0°036 x10", Using the square-root rule and 
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the normal molecular weight of the salt, the ultra-violet frequency 
vp= 16°67 x 10%, or A,=180 up. Hence the critical increment, 
Nhvgge per gram-molecule is 157,700 cals. As before, the energy 
required for two gram-atoms of potassium is 64,517 cals. For 
bromine, the critical increment for two gram-atoms is 57,000 cals. 
Hence for the formation of one gram-molecule of the salt, the total 
critical increment of the reactants is (64,517 + 57,000) /2=60,758 
cals. Hence 
Q = 157,700 — 60,758 = + 96,940 cals. 

The observed heat of reaction between liquid bromine and solid 
potassium is +95,310 cals. The calculated value refers to gaseous 
bromine, so that it is necessary to add the heat of vaporisation of 
bromine, namely, 3500 cals., to the observed value, thereby obtain- 
ing the quantity 98,810 cals. The agreement between calculated 
and observed values is moderately good. 


Sodium Chloride. 


The observed infra-red band of the salt occurs at 52. The 
value 51 is required to account for the molecular heat (compare 
Nernst, Joc. cit.). The infra-red frequency is_ therefore 
0°0577 x 10". Using the square-root rule and the normal mole 
cular weight of the salt, the ultra-violet frequency v,=19°27 x 10%, 
or A,=155 wp, which agrees excellently with the value calculated 
from dispersion measurements. It follows that the critical incre 
ment, Nhvy,«, per gram-molecule of the salt is 182,290 cals. The 
critical increment of two atoms of sodium is obtained from the 
position of the selective photo-electric effect which occurs at 
A=340 pp, or vy, =8°8x10", the value of the increment being 
83,250 cals. Hence the total critical increment of one gram-atom 
of sodium and one gram-atom of chlorine is (83,250 + 86,750) /2, or 
85,000 cals. Hence, 


Q = 182,290 — 85,000 = 97,290 cals. 
@ (observed) =97,800 _,, 


The agreement is good. 


Potassium Todide. 


It has already been pointed out that Haber demonstrated the 
validity of the heat expression in connexion with this substance. 
Haber considers the reaction as taking place between the elements 
in the solid state. For iodine, he makes use, therefore, of the 
square-root rule to calculate the characteristic ultra-violet fre- 
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quency. On the other hand, considering the reaction between 
caseous iodine and solid potassium, and employing therefore the 
value 41,000 cals. for the critical increment of two gram-atoms of 
iodine vapour, the agreement between the observed and the calcu- 
lated heat effect is far from satisfactory. We are dependent, of 
course, upon the correctness of the infra-red characteristic fre- 
quency of the salt, which has been observed to occur at 
y, =0°0319x 10%. Using the square-root rule and the normal 
molecular weight of the salt, we obtain for the ultra-violet fre- 
quency the value 17°45x10", or A,=172 pu, whence Nhvyyg, = 
165,077 cals. Employing the values already given for the critical 
increments of solid potassium and iodine vapour, the calculated 
heat effect is 112,320 cals., whilst the observed is 83,100 cals. The 
discrepancy is very great. If we employ one-half of the normal 
molecular weight of the salt in the square-root rule, we obtain, 
finally, the value 63,680 cals. for the calculated heat of the reac- 
tion. This is, now, considerably less than the observed value. 
There does not appear to be any justification, however, for this 
mode of calculation in view of the results obtained in the case of 
the other alkali haloids, in which the normal molecular weight of 
the salt is employed. The agreement obtained by Haber rests on 
the fact that in the case of iodine he applied the square-root rule 
to the infra-red frequency given by Lindemann’s melting-point 
formula. The resulting value for the critical increment for solid 
iodine is 91,300 cals. The value which we have taken for gaseous 
iodine is widely different, namely, 41,000 cals. 

It may be pointed out, however, that the value A,=172 py for 
the ultra-violet wave-length of the salt—a quantity which is 
employed by Haber and by the author—is almost certainly in- 
correct, as it involves a breaking down in the expected sequence 
of the chloride, bromide, and iodide. Thus, since Ayg, =160°7 pu 
and Axs,=180 yu, we should expect Ax, to lie somewhere in the 
region of 200up. If we take the observed value for the heat of 
formation, together with the critical increments of solid potassium 
and gaseous iodine already employed, we can calculate the critical 
increment of the salt. The value thus obtained is 135,860 cals. 
per gram-molecule. It follows from this that the ultra-violet fre- 
quency of the salt is 14°4x10%, or A,y,;=208 pp. This value 
occupies, roughly, the expected position with respect to potassium 
chloride and potassium bromide, but at the present time there is 
no means of further testing its accuracy. Taking this value to be 
correct, and applying the square-root rule in the inverse sense, we 
find that the characteristic infra-red wave-length is 115 p. 
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Silver Chloride. 


The observed infra-red band of the salt occurs at \=8]+5 pu 
Hence v,=0°0368x 10%. Using the square-root rule and the 
normal molecular weight of the salt, we obtain for the ultra-violet 
frequency v,=18°66x 10", or A,=160py. That is, Nh, = 
166,520 cals. For silver, the infra-red frequency given by Bilt, 
(Zeitsch. Elektrochem., 1911, 17, 676), on the basis of the Linde 
mann melting-point formula, is v,=0°0436 x10 (compare also 
Lindemann, Ber. Deut. physikal. Ges., 1911, 18, 1114). Using 
the square-root rule with M=108, we obtain for the ultra-violet 
frequency v,=19°23x10"%, or A,=156up. The corresponding 
value of Nhy,, is 182,016 cals. for the activation of two gram- 
atoms. Hence the total critical increment of one gram-atom of 
each of the reactants is (182,016+86,750)/2, or 134,383 cals. 
Hence Q=166,520—134,383=32,140 cals., whilst @Q, observed 
(Fischer, Zeitsch. Elektrochem., 1912, 18, 283) =29,940 cals. The 
agreement is moderate. 


Silver Bromide. 


The observed infra-red band of the salt occurs at 127,, o 
vy =0°0266 x 10". Proceeding as in the previous case, the ultra- 
violet frequency is 15°48x10", or A,=194 pu. Hence Nhy,,», = 
146,440 cals. From the data already given, it follows that the 
critical increment of the reactants per /gram-atom of each is 
(182,016 + 57,000)/2=119,508 cals. Hence the heat of formation 
= 146,440—119,508=26,930 cals. in round numbers. The 
observed heat of formation for liquid bromine and solid silver is 
22,700 cals. Hence for the reaction involving gaseous bromine 
the observed heat is 26,200 cals., which is in good agreement with 
the calculated value. In all cases, the calculated heat effect isa 
relatively small difference between two large quantities. It is not 
to be expected, in general, that the result can be an accurate one. 


Silver Iodide. 


The characteristic infra-red band of this salt has not yet been 
measured. It is possible, however, to obtain a moderately exact 
value by comparing the observed values of the three thallium 
haloids with the two silver haloids, all of which have been measured 
by Rubens. These are as follows: TICl, 91-6; TIBr, 1170p; 
TII, 1518p. For the silver haloids: AgCl, 81°5u; AgBr, 
11274. On plotting these figures, the lines run approxilt 
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ately parallel, and an extrapolation indicates A=145p for 
silver iodide. This value is probably correct to +5 per cent. 
The infra-red frequency is therefore 0°0207x10'*. Using the 
square-root rule and the normal molecular weight of the salt, the 
ultra-violet frequency is 13°46x10"%, or A,=223 pu. Hence 
Nhv.x =127,332 cals. Employing the values already obtained 
for silver and gaseous iodine, the total critical increment of the 
reactants per gram-atom is (182,016+41,000)/2=111,508 cals. 
Hence the heat formation Q =127,332—111,508= +15,820 cals. 
in round numbers. The heat of formation of the salt from the 
elements in the solid state has been accurately measured by Fischer 
(loc. cit.), the value being +15,100 cals. Taking the heat of sub- 
limation of iodine to be 3000 cals. per gram-atom, the observed 
heat of the reaction involving gaseous iodine is 18,100 cals., which 
agrees approximately with that calculated on the radiation theory. 
It will be observed that in the above calculation we have made 
use of the value 41,000 cals. for the gram-molecular increment of 
gaseous iodine. Had we employed the value 91,300 cals. obtained 
from the infra-red band by means of the square-root rule (which 
Haber has employed in the case of potassium iodide), the heat of 
the reaction between the solid elements calculated on this basis 
would have been a negative quantity, namely, —9300 cals., in place 
of the observed positive quantity, +15,100 cals. This further 
emphasises the difficulty met with in the formation of potassium 
iodide. The result serves to throw still further doubt on the value 
172 np as being the ultra-violet wave-length of potassium iodide. 


Thallium Haloids. 


Thallium Chloride——Direct measurement of the infra-red band 
of the salt gives the value A=91°6u, or v-=0°0327x10"%. Using 
the square-root rule and the normal molecular weight, the value 
obtained for the ultra-violet frequency is 15°52x10%, or 
A,=193 pu. Hence Nhvycq =146,820 cals. For thallium metal, 
Biltz (loc. cit.), gives the value v,=0°0184x10"%. Using the 
square-root rule, the ultra-violet frequency v,=11°15 x10", or 
\y=269 pu. The value of Nhv,, for two gram-atoms of the metal 
is therefore 105,480 cals. Hence the critical increment of the 
reactants, per gram-atom, is (105,480 + 86,750) /2=96,115 cals., and 
the heat of formation @=146,820—96,115=50,700 cals. in round 
numbers. The observed heat of formation is 48,600 cals. The 
agreement is satisfactory. 

Thallium Bromide—tThe infra-red band occurs at A=117p, or 
¥,=0°0256x 10%. Using the squareroot rule and the normal 
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molecular weight, we obtain for v, the value 18-3 x 10% or 
A»=164 pp. Hence Nhvg, =173,120 cals. The critical increment 
of thallium and of bromine have already been given. The total 
critical increment of the reactants is (105,480 + 57,000) /2, or 82,249 
cals. Hence Q=173,120 —82,240=90,880 cals. The observed heat 
effect for the reaction involving liquid bromine is 41,300 cals., and 
therefore for gaseous bromine 44,800 cals. The discrepancy is 
very great. 

Thallium lodide.—The infra-red band occurs at 1518p, or 
vy =0°0197 x 10%. Using the square-root rule and the normal mole- 
cular weight of the salt, we obtain v,=15°21 x 10", or Av = 197 pup. 
Hence Nhyv», =143,890 cals. The critical increment of the 
reactants is (105,480 + 41,000) /2=73,240 cals. Hence Q=143,890- 
73,240=70,650 cals., whilst Q, observed, is 30,200 cals. As this 
refers to solid iodine, the observed value for the reaction involving 
gaseous iodine is 33,200 cals. The discrepancy is even greater than 
in the case of the bromide. 

It has already been pointed out, however, that the values 
obtained for the ultra-violet frequencies of the thallium haloids 
suggests that the square-root rule should be employed in conjune- 
tion with half the molecular weight of the salt, in order to give 
the correct sequence in the ultra-violet frequencies of the three 
salts. Carrying out the calculation, we obtain the following 
results : 

Thallium Chloride.—vyyq, =15°21 x10", or A,=197 py. Hence 
Nhv for the salt is 143,890 cals., and therefore Q@=47,780 cals., 
whilst the observed value is 48,600 cals. 

Thallium Bromide.—v 4,9, = 12°93 x 10%, or A,=232 pp. Hence 
Nhv for the salt is 122,320 cals., and therefore Q@=40,080 cals., 
whilst Q, observed, is 44,800 cals. 

Thallium Lodide.—vy, =10°76x 10", or A,=278 yp. Hence 
Nhv=101,790 cals., and therefore Q=28,550 cals. The observed 
value is 33,200 cals. All three thallium haloids exhibit satisfac- 
tory agreement between the observed and calculated heats of 
formation, on the assumption that one-half of the molecular weight 
should be employed in conjunction with the square-root rule. This 
is scarcely likely to be accidental, although no reason for the choice 
can as yet be given. 


Lead Chloride. 


The characteristic infra-red band of lead chloride has been 
observed by Rubens at A,=91'0y, that is, v-=0°033 x 10%. Using 
the normal molecular weight, we obtain for the ultra-violet fre- 
quency v,=23°33 x 10%, whence the critical increment per grall- 
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molecule is 220,700 cals. The infra-red frequency for metallic lead 
is 0°0195 x 10 (Nernst, loc. cit.), whence the ultra-violet frequency 
is 11°9x 10", or A,=252 up; whence the critical increment of two 
ram-atoms is 112,574 cals. and the increment per gram-atom is 
56,290 cals. The critical increment per gram-molecule (Cl,) is 
86,750 cals. Hence the heat of formation of one gram-molecule of 
lead chloride is 220,700 —(56,290+86,750)=77,660 cals. The 
observed heat of formation (involving gaseous chlorine) is + 85,570 
cals. according to Braune and Koref (Zeitsch. Klektrochem., 1912, 
18, 818), and 85,380 cals. according to Giinther (ibid., 1917, 28, 
197). The agreement is only approximate, the discrepancy being 
due probably to error in the value taken for the critical increment 
of the salt. Assuming the observed value of Braune and 
Koref, we can calculate a ‘corrected’ value for the critical incre- 
ment of the salt, namely, 228,610 cals. By applying the square- 
root rule, we find the infra-red frequency to be 0°034 x10", or 
\, =89°2p, which is not greatly different from that observed by 
Rubens (91°04). This illustrates how sensitive the final value for 
the heat effect is to error in the infra-red frequency. 


Mercuric Chloride. 


The infra-red band of the salt occurs at 954. Employing the 
normal molecular weight, the ultra-violet frequency is found to 
be 22°06 x 10", or A,=136 py. The critical increment is therefore 
208,690 cals. per gram-molecule. The corresponding quantity for 
one gram-molecule of chlorine is 86,750 cals. Lindemann (loc. cit.) 
finds the infra-red frequency of mercury to be 0°022 x 10", whence 
the ultra-violet frequency is 13°2 x 10", or A,=227 py. Hence the 
critical increment of mercury is 124,872 cals. for two gram-atoms, 
or 62,436 cals. per gram-atom. The heat of formation per gram- 
molecule of mercuric chloride is therefore 

208,690 — (86,750 + 62,436) = 59,504 cals. . 
The observed heat of the reaction between liquid mercury and 
gaseous chlorine is 53,300 cals. Lindemann’s value for the infra- 
red frequency refers to solid mercury. On correcting for the latent 
heat of fusion, the calculated heat of the reaction is 59,000 cals. 


Mercurous Chloride. 


Let us assume, in the first place, that the molecule of the salt is 
represented by HgCl. The observed infra-red band is 98°8 y, or 
vr =0°0304 x 104. Using the normal molecular weight, we find- 
w=19°76 x 10%, or A,=152 nu, whence the increment is 186,930 
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cals. per gram-molecule. The critical increment per gram-atom of 
mercury we have already taken to be 62,436 cals., the correspond. 
ing quantity per gram-atom of chlorine being 43,375 cals. Hence 
the heat of formation of the salt is 186,930 — (43,375 + 62,436)- 
81,120 cals. The observed heat of formation (Nernst, Zeitsch, 
physikal. Chem., 1888, 2, 23) is 31,300 cals. The discrepancy is 
very great. 

Let us now assume that the salt is represented by the formula 
Hg.Cl,. Using the square-root rule with this molecular weight, we 
find v,=27°97x10", or A,=107 mp. Hence the increment is 
264,600 cals. The reaction is now represented by 2Hg + Cl, = 
Hg,Cl,, hence the critical increment of the reactants is double the 
value given above. The heat of formation is thus calculated to 
be 264,600 —211,620=53,000 cals. in round numbers. As the 
observed heat of reaction refers to one-half the quantities here con- 
sidered, it is necessary to calculate the heat effect per gram-atom of 
mercury, namely, 26,500 cals. This is in much better agreement 
with the observed value than the result obtained by the previous 
method. It appears, therefore, that the correct formula is Hg,C(l,, 
and not HgCl, a conclusion which is borne out by measurements on 
the salt in the dissolved state. Employing the observed value for 
the heat effect, we can calculate a ‘ corrected’ value for the increment 
of the salt, namely, 274,000 cals. in round numbers. Thence, 
calculating backwards, we obtain the value v,=0°0302 x 10%, or 
A, =101 yp, for the salt, which is not very different from the observed 
value (98°8 »). 


The Reaction: Pb+2AgCl=PbCl, + 2Ag. 


The heat of this reaction per gram-atom of lead is, according to 
Magnus (Zeitsch. Elektrochem., 1910, 16, 273), 24,590 cals. As we 
have already obtained the critical increments for the substances 
participating in this reaction, it should be possible to calculate the 
heat effect. Thus: 


Increment fortwo gram-molecules of AgCl... 2 x 166,520 cals. 
os 5, one gram-atom of lead 56,290 


Hence, total critical increment of re- 
389,330 cals. 


Increment for one gram-molecule of PbCl, ... 228,610 
oe »» two gram-atoms of silver 182,016 


Hence, total critical increment of re- 
sultants 410,626 cals. 


Hence Q=410,626 —389,330= + 21,300 cals. in round numbers. 
This is of the correct order of magnitude, and the result is satisfac 
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tory in view of the fact that we are dealing with a small difference 
between two very large quantities. 


The Reaction: Pb+ Hg,Cl, = PbCl, + 2Hg. 
Proceeding as in the previous case, we obtain: 


Increment for one gram-atom of lead 
gram-molecule of Hg,Cl.... 


” 9 


Hence, total critical increment of re- 
actants = 330,290 cals. 


Increment for one gram-molecule of PbCl, ... = 228,610 
», two gram-atoms of mercury ... = 124,870 


99 


Hence, total critical increment of re- — 
sultants = 353,480 cals. 


Hence, Q= 353,480 — 330,290 = 23,190 cals. 

The value observed is 21,800 cals. approximately, Giinther (/oc. 
cit.). The agreement is satisfactory, especially as the critical incre- 
ments are very large. 


Silver Cyanide. 


The heat of formation of this salt from silver and gaseous cyano- 
gen, as determined by Thomsen, is 1393 cals. per gram-molecule. 
This quantity is so small that it would be impossible to calculate it 
with any degree of precision by the method employed in previous 
cases. In addition, the question of the critical frequency of cyano- 
gen is in an involved state (compare Grotrian and Runge, Physikal. 
Zeitsch., 1914, 15, 545). We may use the available data to calcu- 
late the critical frequency of cyanogen. 

Rubens and von Wartenberg (Joc. cit.) have observed the infra-red 
band of silver cyanide at A,=93 approximately. That is, v,= 
0'0323 x 10%, and employing the square-root rule in conjunction 
with the normal molecular weight of the salt, as we have done in the 
case of the silver haloids, we obtain 15°86 x 10" for the ultra-violet 
frequency, and A,=189 wp. Hence the critical increment per gram- 
molecule is 150,000 cals. The stoicheiometric equation considered 
is Ag+CN=AgCN. We have already seen that the increment of 
one gram-atom of silver is 91,010 cals. The heat of formation being 
1393 cals., the total critical increment of the reactants is (150,000 — 
1393) cals. On subtracting the value for one gram-atom of silver, 
we find that the critical increment of the cyanogen group is 57,600 
cals., or for one gram-molecule of cyanogen the value is 115,200 cals. 
Hence the frequency is 12°2x 10" or A,=246 pu. The author is 
unaware whether any measurements have been carried out with 
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cyanogen in this region of the spectrum. In the process considered, 
the energy term, 115,200 cals., is that required to break the link 
between the two carbon atoms in the molecule (CN), thereby 
giving rise to two nascent groups of monocyanogen. This is quite 
distinct from the mechanism involved in the dissociation of gaseous 
cyanogen into carbon and nitrogen, in which the carbon-nitrogen 
linking is broken. This would probably require a very different 
amount of energy. 


Summary. 


1. In spite of the fact that many of the available data are inac. 
curate and incomplete, the foregoing consideration of high-tempera- 
ture reactions indicates that the radiation expression is borne out 
in a fairly satisfactory manner. 

2. The following table contains the observed and calculated 
values of the heat effects in those cases in which the necessary data 
are available to permit of the complete calculation being carried 
out. For the reactions considered the heat effect is in all cases 


positive, that is, heat is evolved. 
Heat effect per gram-atom of 
first reactant. 


Reaction. Q observed. Q calculated. 
. . 105,600 
K+Cl — KCI 90,660 100,330 
K+Br —- KBr 98,810 96,940 
Na+Cl — NaCl 97,800 97,290 
K+I — KI 83,100 112'3201 
Ag+Cl — AgCl 29,940 32,140 
Ag+Br —- AgBr 26,200 26,930 
Ag+I —- Agi 18,100 15,820 
TI+Cl — TIC 48,600 47,780 
Tl4Br — TIBr 44,800 40,080 
TI41 — Ti 33,200 28,550 
Pb+Cl, —- PbCi, 85,570 77,660 
A dots ME ves crnsscamnonnctnadon 53,900 59,000 
31,300 26,500 
24590 21,300 
21,300 23,190 


In a subsequent paper it is proposed to consider the data avail- 
able in connexion with reactions which proceed at a sensible velocity 
at the ordinary temperature, that is, reactions which require quanta 
belonging to the short infra-red region to supply the energy neces 
sary for the critical increments. 
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The Relation Between Chemical Constitution and 
Physiological Action. 


A Lecture delivered before the Chemical Society on December 6th, 
1917. 


By Frank Lee Pyman. 


Tue study of the relation between chemical constitution and 
physiological action is a branch of research which has a definite 
place in the investigation of medicinal substances. Chemical 
research on a drug begins with the attempt to isolate the prin- 
ciple to which its physiological action is due, and when this has 
proved successful the next step is the determination of the con- 
stitution of the active principle by analytic and synthetic methods. 
The knowledge is thus gained that some compound of known 
chemical structure has a particular physiological effect, and the 
way is then clear for the study of the relation between chemical 
constitution and physiological action by the preparation of a 
number of substances related to the parent compound and com- 
parison of their actions on the living organism. The history of 
quinine affords an illustration of this sequence. Cinchona bark 
was employed as a remedy for malarial fevers in the fifteenth 
century. Later on, the alkaloid quinine was isolated, and recog- 
nised as the chief active principle of the drug. Chemical investi- 
gation eventually established the structure of the alkaloid, and 
attempts have since been made to improve, or vary, its medicinal 
properties by slight alterations of the molecular structure, such 
as reduction of the vinyl group and replacement of the methoxyl 
by higher alkyloxyl groups. Moreover, a number of compounds 
with the following general formula have been synthesised, which, 


N 
A\/\on 


| 
MO. AZ 


CH(9H)-CH,-NRR’ 


in common with quinine, are distinguished as powerful febrifuges 
combining a low toxicity to man and a high toxicity to infusoria 
and parameecia. 

The study of the relation between chemical constitution and 
physiological action may have various objects, philosophic or 


CH 
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practical. From the purely scientific point of view, it is of great 
interest to determine the change in physiological action resulting 
from modification of the chemical structure of an active compound 
and to elucidate the groups within its molecule to which its pre- 
dominant physiological action is due; whilst, from the practical 
standpoint, the work may be directed to the physiological, 
chemical, or physical improvement of a drug—for instance, it may 
be desired to eliminate some undesirable secondary effect while 
maintaining the chief physiological action of the drug, or to pre 
pare a derivative more stable or more soluble than the parent 
compound. 

The relation between chemical constitution and physiological 
action has a significance in the discovery of new drugs similar to 
the relation between chemical constitution and colour in the dis- 
covery of new dyes. In the latter case, however, a single physical 
property, the absorption of light of different wavelengths, is 
studied; whereas the term physiological action has no simple 
meaning, but covers any action on the living organism. The 
bactericidal action of phenol, the hypnotic properties of diethyl 
barbituric acid, and the local anesthetic action of cocaine are ex- 
amples of physiological action which are no more comparable with 
one another than are the chemical structures of the three drugs. 
Moreover, it should be borne in mind that the same superficial 
signs of physiological action may be due to different causes. Purga- 
tion, for instance, is caused by saline cathartics, such as magnesium 
sulphate, which act by increasing the bulk of fluid in the intes- 
tines; and by vegetable purgatives, such as derivatives of anthra- 
quinone, which act by irritating the epithelium of the intestines, 
thus promoting peristalsis. The difficulty of generalisation in the 
relation under discussion may be instanced by the effect of intro- 
ducing a methyl group into the ortho-position of a phenol, 
where, in the case of the parent compound, the resulting o-cresol 
is a more powerful germicide than phenol, whilst a similar substi- 
tution in phydroxy-8-phenylethylamine leads to a substance, 
4-hydroxy-8-m-tolylethylamine, which has only one-half of the 
pressor properties of the parent compound. The subject of this 
paper must therefore be subdivided eventually into a number of 
fragments on the relation between chemical constitution and a 
particular physiological effect; but before proceeding with these, 
some general remarks on the action of drugs may be made. 

An example of physiological action which everyone can 
appreciate without special knowledge is the effect of certain volatile 
compounds on the terminations of the olfactory nerves, producing 
the sense of smell. Many compounds of similar constitution have 
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the same type of smell—for instance, the lower fatty acids, whilst 
each member may have a specific odour—which, in this particular 
case, serves to distinguish the individual members from formic 
to valeric acids. Sense of taste also provides an occasional means 
of discrimination, not only between side chains of different lengths 
—p-ethoxyphenylcarbamide (dulcine) being sweet, whilst the 
higher alkylphenylcarbamides are not—but also in certain 
cases between stereoisomerides—d-histidine, for example, tasting 
sweet, whilst /-histidine is tasteless. It is noteworthy that stereo- 
chemical influences often have profound effects on the physio- 
logical actions of quite different classes of compounds, particularly 
in actions on nerve-endings, as Cushny has pointed out (Lancet, 
September 9th, 1916, 459); thus, /-hyoscyamine has about 100 
times the mydriatic action of the d-variety and /-adrenaline has 
many times the pressor effect of d-adrenaline. © In the case of 
pilocarpine, which contains two asymmetric carbon atoms, a change 
of sign of one of these results in the formation of the stereoisomeric 
isopilocarpine, which has only a fraction of the activity of pilo- 
carpine itself. The asymmetry of a nitrogen atom may also con- 
dition a difference in physiological action; when J/-canadine is 
methylated, a mixture of the a- and 8-methochlorides is obtained, 
the isomerism of which is due to the asymmetry of the nitrogen 
atom; these produce a typical curare effect (paralysis of nerve 
endings in voluntary muscle) in the frog, the A-salt being, how- 
ever, twelve times as powerful as the a-salt. Stereoisomerides, 
however, do not always show large differences in physiological 
action, even in actions on nerve-endings; d- and /-homatropine 
differ little from each other and d/-homatropine in mydriatic action, 
whilst d-cocaine, a stereoisomeride of natural levorotatory cocaine, 
has a local anesthetic action which, although quicker and more 
intense, is also more evanescent than that of cocaine. 

Very little is known about the cause of the variation in the 
physiological actions of stereoisomerides, but recently an explana- 
tion has been suggested by Windaus (Nachr. K. Ges. Wiss. 
(réttingen, 1916, 301) for the different physiological behaviour of 
the stereoisomerides B- and e-cholestanol. These compounds differ 
greatly in their power of inhibiting the hemolytic action of 
saponins, such as digitonin, the former having this property in a 
high degree, whilst the latter has only slight preventive proper- 
ties. Now, the 8-compound has been found to combine with 
digitonin to give an almost inactive additive product, whilst 
é-cholestanol does not combine with digitonin. 

This case is of special importance, because of the close relation 
of the cholestanols to cholesterol, a constituent of the living 
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organism; it may be that a similar difference in the ability of 
stereoisomerides to combine with constituents of the nerve cells is 
the cause of their different action in other cases also. 

A point to be considered in connexion with the relation between 
chemical constitution and physiological action is the effect of the 
physical and chemical properties of the substance on its distribu. 
tion in the organism. The influence of physical properties, such 
as solubility in different media, may be of great importance, as 
in the case of hypnotics, where Meyer and Overton found that the 
narcotic effect of a series of aliphatic compounds on tadpoles was 
proportional to the partition coefficients of their solubilities in oil 
and water. An indication of the effect of chemical properties on 
the distribution of drugs in the organism was afforded by the 
work of Ehrlich (compare “v. Leyden-Festschrift,” 1898). He 
showed that basic dyes, such as methylene-blue, stained the grey 
nerve substance, whereas their sulphonic acids did not, and this 
difference suggested that bases, which are liberated in the blood- 
stream by the alkali, are extracted by the nerve substances, whilst 
their sulphonic acids remain in solution as alkali salts. Similarly, 
the facility with which an alkaloid is extracted from aqueous 
alkaline solutions by immiscible solvents may reasonably be sup- 
posed to affect its distribution in the organism, and Ehrlich gave 
examples of the change of action when certain basic drugs are 
converted into derivatives containing a free acid grouping or into 
quaternary salts. 

In the case of alkaloids, it is a general rule that the introduc- 
tion of a free carboxyl group into the molecule profoundly modifies 
the physiological action of the parent compound. Benzoylecgonine, 
of which cocaine is the methyl ester, has no local anesthetic action; 
quitenine, the acid obtained by oxidising the vinyl group of quinine 
to a carboxyl group, is non-toxic, but regains its toxicity on 
ethylation ; the lactone pilocarpine becomes inactive on the addi- 
tion of a molecule of alkali hydroxide, which forms the alkali salt 
of the corresponding hydroxy-acid, whilst a similar loss of physic 
logical activity is shown by a series of tropeines containing 4 
lactone group, which lose their atropine-like action on the addition 
of a molecule of alkali hydroxide. 

The formation of quaternary salts likewise very largely affects 
the physiological properties of alkaloids, and was the subject of 
study many years ago by Crum-Brown and Fraser. To give al 
example from more recent work, Laidlaw (Biochem. J., 1910, 5, 
243) found that 6:7-dimethoxy-3 : 4-dihydroisoquinoline (I) had 4 
strychnine-like effect, whilst its methochloride (II) was devoid of 
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this property, which, however, reappeared in its reduction product 
6: 7-dimethoxy-2-methyltetrahydroisoquinoline (IIT). 

CH CH 
neo’ \“ \n Meo’ \“ Se Meo \A Sia 
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A similar relation was observed with papaverine (IV), its metho- 
chloride (V), and the reduction product of the latter, laudanosine 


CH,-C,H,(OMe), CH, -C,H,(OMe), 
C 
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CH CH 
(IV.) (V.) 


CH,°C,H,(OMe), 
CH 


(VI); here also the tertiary bases were characterised by strychnine- 
like action, which was not obtained with papaverine methochloride. 

Having directed attention to the complication introduced into 
the relation under discussion by the effect of physical and chemical 
properties on the distribution of drugs, we may now consider certain 
difficulties of generalisation. We have seen that certain compounds 
closely allied in chemical constitution differ remarkably in their 
action, and we find, on the other hand, groups of substances which 
are almost indistinguishable physiologically, but have little -in 
common from the point of view of chemical constitution ; one such 
group is formed by the alkaloids nicotine, lobeline, and cytisine, 
another by muscarine, arecoline, and pilocarpine. Experience has 
shown, however, that the members of a group of chemical com- 
pounds of similar constitution often resemble one another in 
physiological action, and in such cases it is of interest to observe 
the effect of slight alterations in chemical structure. Many such 
investigations have been carried out, and will be known to you. 
To-night I shall confine my attention to a few lines of work in 
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this field which have been carried out or materially advanced 
within the last ten years, selecting especially those with which the 
Wellcome Research Laboratories have been associated. 


Tropeines, 


The compounds known as tropeines are the acyl derivatives of 
the amino-alcohol tropine. Atropine, the parent member of the 
group, is the dl-tropyl ester of tropine, and readily yields this sub. 


CH,—CH—CH, 
1 

| NMe CH-0-CO-CHPh:CH,-OH. 
I I 

CH,—CH—CH, 


stance on hydrolysis. By esterifying tropine with other acids, 
tropeines containing different acyl groups may be prepared. A 
number of these have been examined physiologically, the best 
known being homatropine, the mandelyl ester of tropine, which 
was described by Ladenburg in 1883. In this paper I propose 
to give an account of the work on the relation between chemical 
constitution and physiological action in the tropeines, carried out 
some years ago by Dr. H. A. D. Jowett and myself with the co 
operation of Dr. H. H. Dale, F.R.S. (Seventh Internat. Congr. 
Appl. Chem., 1909, IVa, 1, 335), in continuation of an investi- 
gation commenced by Dr. Jowett in collaboration with Dr. C. R. 
Marshall. 

The tropeines appeared to us to be specially suitable for a study 
of the relation between chemical constitution and physiological 
action, since they are easily prepared, give neutral salts readily 
soluble in water, and can be tested physiologically under uniform 
conditions. Their salts were dissolved in distilled water to give 
solutions equivalent in tropine content to a 1 per cent. solution 
of homatropine hydrobromide, and the mydriatic effects of these 
solutions were then compared. 

By means of two pipettes delivering drops of equal size, a drop 
of one of the two solutions to be compared was allowed to fall 
into the right eye of a cat, and a drop of the other exactly at the - 
same moment into the left eye, the head being held until all was 
absorbed, so that none escaped by overflow of tears. In the case 
of the less active tropeines, the times required to produce the 
maximum mydriatic effect were much the same in all cases, so that 
the more active of two was easily recognised. In the case of the 
highly active tropeines, the rapidity of action, as well as the 
maximum mydriatic effect, had to be considered. 

It should be noted that the mydriasis caused by the more 
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powerful tends to produce consensual myosis in the other eye, so 
that a small difference of activity is exaggerated’ and easily 
detected. 

The effect of concentrated solutions has not been tested, but 
tropeines which produce no perceptible effect in dilute solutions 
may give evidence of mydriatic effect when applied in concentrated 
form; thus Gottlieb (Arch. exp. Path. Pharm., 1896, 37, 218) has 
stated that lactyltropeine and hippuryltropeine produce no 
mydriasis when introduced into the conjunctival sac in 2 per cent. 
solution, but that 10 to 20 per cent. solutions produce mydriasis 
commencing in half an hour. Further, it must be pointed out 
that only the effect of Jocal application has been tested; tropine 
itself, although it has no local action on the eye, produces a striking 
mydriasis in cats when given internally in large doses, and certain 
tropeines which have no local action, for example, the lactone of 
o-carboxyphenylglyceryltropeine, produce mydriasis on injection. 

Briefly, the problem investigated was the relation between the 
chemical constitution of the acyl group of a tropeine and the 
mydriatic effect produced by the instillation of a neutral solution 
equivalent in tropine content to a 1 per cent. solution of hom- 
atropine hydrobromide into the conjunctival sac of a cat. No 
attempt was made to determine the cause of the mydriatic effect, 
which may have been due to action of the atropine type, that is, 
paralysis of the motor nerve-endings of the sphincter (contractor) 
muscle of the pupil, or to action of the cocaine type, that is, 
stimulation of the nerve-endings in the dilator muscle. 

Thirty tropeines were prepared and examined comparatively by 
this method. The mydriatic action of many of these had been 
recorded previously, and references to the earlier results are given 
below. The mydriatic action of a further fifteen tropeines, which 
we ourselves did not examine, is also taken into consideration. 

For the purpose of discussion, the forty-five tropeines may be 
divided conveniently into six groups. 

. Tropeines of aliphatic acids 

. Tropeines of substituted benzoic acids 

. Tropeines of substituted hydratropic acids 

. Tropeines of substituted phenylacetic acids 

- Tropeines of substituted phenylpropionic acids 

. Tropeines of acids in which the phenyl and carboxyl 
groups are separated by an imino-group 

The tropeines of each group have been tabulated in order to 
show the results obtained at a glance. 
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I. Tropeines of Aliphatic Acids. 


Mydriatic action 


Present 
Previous results com. 
¢ , Bie, . parison, 
Tropeine. Formula. Action. Observer. Action, 
. Acetyl- CH,°CO,T = Gottlieb 
CH,(OH)*CO,T - Marsha!l! 
’ — ° f 2 ° 
: CH,'CH(OH)°CO.T | + 10 to 20% Gottlieb 
. Succinyl- (°CH,°CO,T), -- Gottlieb 
5. Tartryl- [*CH(OH)°CO,T}, 
3. Fumaroyl- (:CH°CO,T), 
CHMe’CH:CO,T 
. Methylparaconyl-... | | Marshall? 
O°CO°CH, 
CMe,—CH’CO,T 
. Terebyl- | } Marshall ! 
O’CO’CH, 
1 Jowett and Hann, T., 1906, 89, 357. 


Gottlieb stated that acetyl- and succinyl-tropeines can be brought 
in the solid state on to the conjunctival sac of a cat without per- 
ceptible mydriatic effect, but that lactyltropeine produces mydriasis 
commencing in half an hour under these conditions, although it 
is inactive when applied as a 2 per cent. solution. 

The above table shows that previous observers had only reported 
mydriatic activity of dilute solutions in one instance, that of 
terebyltropeine. This compound was again examined in the 
course of the present work, and found to be inactive. Tartryl- 
and fumaroyl-tropeines were also inactive, so that no aliphatic 
tropeine that has yet been tested possesses mydriatic properties 
when applied as a dilute solution to the eyes of a cat. 


II. Tropeines of Substituted Benzoic Acids. 


Mydriatic action. 
Present 
Previous results. | comparison. 


~ 


Order of 
Tropeine. Formula. Action. Observer. Action. activity. 
9. Benzoyl- C,H,;°CO,T + Schmiede- 3 

berg.* 
10. Phthaloyl- C,H,(CO,T), 
11. o-Hydroxybenzoyl- HO’C,H,’CO,T — Falck” 
12. m-Hydroxybenzoyl- HO*C,H,’CO,T + Vélkers? 
13. p-Hydroxybenzoyl- HO’C,H,’°CO,T 
14. Protocatechoyl- ... (HO),C,H,"CO,T | — Marshall 


* R. Buchheim, Arch. exp. Path. Pharm., 1876, 5, 463. 
* Ladenburg, Annalen, 1883, 217, 82. 
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Our examination of the above tropeines confirmed the state- 
ments of previous observers, except in the case of o-hydroxy- 
benzoyltropeine. So far from being inactive, this proved to be 
the most active of the tropeines of substituted benzoic acids, 
m-hydroxybenzoyltropeine being the next in order of activity. 
The tropeines of »hydroxy- and 3:4-dihydroxy-benzoic acids, both 
containing a para-hydroxyl group, were inactive. 


III. Tropeines of Substituted Hydratropie Acids. 


Mydriatic action. 


- 

Previous 
results. 

—— ee, 


_ 
Present 
comparison. 
ee 


‘ ‘ 


Observer. 


Tropeine. Formula 
. al-Tropyl-(atropine) CH,'OH 


+++ Action. 
+ Action. 


lemma 2 


l-Tropyl-(hyoscyamine) | “ se 
CHPh‘CO,T — 


. d-Tropyl-(d-hyoscyamine) 
CH,-OH 


| 
CHPh‘CO,T,MeNO, 
CH,"0°CO"CH, 


+ Erbe* 


. Atropine methonitrate.. 
Grube* 


. Acetyltropyl- 


20. Chlorohydratropyl- 


21. Bromohydratropyl- 


| 
CHPh‘CO,T 
CH,Cl 


| 
CHPh’CO,T 
CH,Br 


| 
CHPh‘CO,T 


Lewin and 
Guillery® 


Lewin and 


Guillery® 


Lewin and 
Guillery® 


CH,*0°SO,H 
| 

CHPh‘CO,T 

CH,"OH 


| 
CPh(OH)*CO,T 
CPhMe(OH)*CO,T ++ 
CPh(:CH,)"CO,T  — 


Trendel- 


. Atropinesulphurie acid 
enburg ® 


23. Atroglyceryl- 


Volkers 
Lewin and 
Guillery® 


24. Atrolactyl- 
25. Atropyl- 


1 J. physiol., 1904, 30, 176. 

* Barrowcliff and Tutin, T., 1909, 95, 1906. 

* Inaug. Diss., Miinchen, 1903. 

* Inaug. Diss., Géttingen, 1905. 

* “Die Wirkungen von Arzneimitteln und Giften auf das Auge,” Berlin, 
1905, p. 209. 

* Arch. exp. Path. Pharm., 1913, 78, 118. 


The tropeines of substituted hydratropic acids present several 
points of interest, the most striking being the difference in activity 
between /- and d-hyoscyamine. Cushny, working with the partly 
racemised substances, found that /-hyoscyamine was about fourteen 
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times as active a mydriatic as d-hyoscyamine. Later, Laidlay 
showed thai the ratio of activity between the pure salts was much 
greater, the mydriatic action of the -compound being about one 
hundred times that of the dextro-compound. The mydriatic 
action of atropine is therefore mainly due to the /-constituent. 

Methylation of the nitrogen atom of atropine decreases the 
mydriatic action, atropine methonitrate being apparently inter. 
mediate in action between atropine and homatropine. 

Acetylatropine is stated by Lewin and Guillery to cause 
mydriasis and paralysis of the accommodation when applied in 
1 per cent. solution, whilst the same authors report that chloro 
and bromo-hydratropyltropeines in 2 per cent. solution cause 
greater irritation to the eyes than atropine. The chloro-com- 
pound, although less active than atropine, gives sufficient mydriasis 
for ophthalmic purposes, whilst the action of the bromo-compound 
is even slower and less intense than that of the chloro-compound. 
They found that atropyltropeine caused no mydriasis in 2 per 
cent. solution. 

Atropinesulphuric acid, the acid sulphuric ester of atropine, and 
at the same time an internal salt, has no mydriatic action in 
1 per cent. solution. 

Atroglyceryltropeine is of particular interest, since it contains 
two hydroxyl groups in the positions of those of atropine and 
homatropine respectively. 


CH,-OH CH,-OH H 

| | | 
O,H,-C-CO,T C,H,-0-C0,T 0,8, °O-Co,T. 

l | 

H OH OH 


Atropine. Atroglyceryltropeine. Homatropine. 


When examined on cats by the comparative method, it proved 
to be intermediate in activity between atropine and homatropine, 
but was less active than homatropine for the human eye. 
Atrolactyltropeine is described as a powerful mydriatic, strikingly 
similar in this respect to homatropine. 

With the exception of homatropinesulphuric acid, which is in- 
active, like atropinesulphuric acid in the previous section, all the 
tropeines of substituted phenylacetic acids have mydriatic proper- 
ties. The effect of stereoisomerism on the activity is much les 
marked than in the previous section, the enantiomorphous forms 
of homatropine differing only slightly in action, the levo-form 
being again the more active. 

Homatropine methobromide dilates the pupils of cats’ eyes more 
completely and more quickly than a solution of homatropine 
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IV. Tropeines of Substituted Phenylacetic Acids. 


Mydriatic action. 


- ™ 

Present 

Previous results. com- 
parison: 


A 


Tropeine. Formula. Action. Observer. Action. 
26, Phenylacetyl- .... CH,Ph°CO,T + 
27. dl-Mandelyl- +  Vélkers 4- 
homatropine).. : - 
28. g:Mandely!- CHPh(OH)°CO,T + 
29, 1-Mandelyl- + 
30. dl-Mandelyl- 
methobromide CHPh(OH)°*CO,T,MeBr + Symons ? 
31. dl-Mandelyl-etho- 
bromide CHPh(OH)’CO,T,EtBr - Symons ! 
32. Homatropine-sul- Trendel- 
phuric acid CHPh(O°SO,H)*CO,T enburg 
33. o-Methylmandelyl- 
. m-Methylmandelyl- }C,H,Me*CH(OH)°CO,T 
. p-Methylmandelyl- 
. Phenylchloro- 
acetyl- CHPhCl’CO,T 
37. Phenylamino- 
acetyl- CHPh(NH,)°CO,T 
38. Phthalidecarboxyl- C,H,°‘CH*CO,T | Marshall 
| 


1 


CO—-O 
1 Jowett and Pyman, T., 1907, 91, 92. 


hydrobromide of the same strength, but is less active for human 
eyes. Homatropine ethobromide is less active than the metho- 
bromide. Of the three methylmandelyltropeines, the ortho- and 
meta-compounds equal each other and are more powerful than 
homatropine in mydriatic power when tested on cats, but the para- 
compound is slightly less active. 

Phenylacetyl-, phenylchloroacetyl-, phenylaminoacetyl-, and 
phthalidecarboxyl-tropeines, which contain no free alcoholic 
hydroxyl group, are all active, but much less so than homatropine. 

Cinnamoyltropeine, reported by lLadenburg as “hardly 
mydriatic,” was found to have no mydriatic properties under the 
conditions of our investigation. §-Phenyl-a-hydroxypropionyl- 
tropeine is isomeric with atropine (a-phenyl-8-hydroxypropionyl- 
tropeine) and also with atrolactyltropeine (a-phenyl-a-hydroxy- 
propionyltropeine) ; it only differs from homatropine in that the 
phenyl and secondary alcohol groups are separated by a methylene 
group. It is a powerful mydriatic for cats’ eyes, and begins to 
dilate the pupil considerably earlier than atropine, but the 
atropine dilation when it once begins quickly overtakes the other 
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V. Tropeines of Substituted Phenylpropionic Acids, 


Mydriatic action, 
po tants 


Present 
Previous com- 
results. parison, 


Observer. 


Tropeine. Formula. d 
39. Cinnamoyl- CHPh:CH’CO,T Ladenburg 
40. Lactone ofo-carb- C,H,*CH(OH)*CH‘CO,T 

oxyphenyl- | | Symons 

glyceryl- CO—————_O 
41. tsoCoumarincarb- C,H,°CH:C-CO,T 

oxyl- i | Symons 
CO———_O 
42. 8-Phenyl-a-hydr- 

oxypropionyl- CH,Ph*CH(OH)°CO,T 
43. 8-2-Pyridyl-a- 

hydroxypro- 

pionyl- C;H,N°*CH,*CH(OH)’CO,T + 2 


and becomes maximal a little earlier. When tested on human 
eyes, it was found to be inferior to homatropine hydrobromide. 

8-2-Pyridyl-a-hydroxypropionyltropeine has been included in 
the above group. It differs from the preceding member by the 
substitution of pyridine for benzene, and, although active, is con- 
siderably weaker. 


VI. Tropeines of Acids in which the Phenyl and Carboxyl 
Groups are Separated by an Imino-growp. 


Mydriatic action. 
A 


Present 
com- 
Previous results. _ parison. 


Po 


Tropeine. Formula. Action. Observer. Action. 
44, Hippuryl- C,H,*CO‘-NH‘CH,"CO,T {ri — Gottlieb 
45. Phenylearb- ° 
C,H;"NH°‘CO,T 


Gottlieb states that hippuryltropeine behaves similarly to 
lactyltropeine, that is to say, it only exercises a mydriatic effect 
when the solid substance is introduced into the conjunctival sac 
to give a concentrated solution, and is inactive in dilute solution. 
Phenylcarbamotropeine proved to have a slight mydriatic action. 

In the foregoing tables, the tropeines are classified according to 


Degree. 
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their chemical constitution. The thirty members which we com- 
ared by the method given above may be grouped also in order of 
their mydriatic properties. 


I. Atropine ; 
g-Phenyl-a-hydroxypropionyl- Most active. 


tropeine 


IJ. Atroglyceryltropeine Intermediate in activity be- 
tween atropine and hom- 
atropine. 


. dl-Homatropine 
d- and [-Homatropine , - Of a similar order of activity. 
Quaternary salts of homatropine . 
o-, m-, and p-Methylhomatropine 


), B-2-Pyridyl-a-hydroxypropionyl- 
tropeine 

Phthalidecarboxyltropeine 
Phenylchloroacetyltropeine All active, but less so than 
Phenylaminoacetyltropeine homatropine. 
Phenylacetyltropeine 
Benzoyltropeine 
o-Hydroxybenzoyltropeine 
m-Hydroxybenzoyltropeine 


’, Phenylearbamotropeine Faintly active. 
'L. Tartryltropeine ) 
Fumaroyltropeine 
Methylparaconyltropeine 
Terebyltropeine 
Lactone of o-carboxyphenylglyceryl- 
tropeine >» Inactive. 
‘soCoumarincarboxyltropeine 
Phthaloyltropeine. 
p-Hydroxybenzoyltropeine 
Protocatechoyltropeine 
Cinnamoyltropeine J 


Of the fifteen tropeines which we did not examine by the com- 
parative method, natural hyoscyamine, which is the levo-variety, 
is nearly twice as active as atropine, d-hyoscyamine much less 
so. Acetylatropine, chlorohydratropyltropeine, bromohydratropy]- 
tropeine, atrolactyltropeine, and atropine methonitrate appear 
to be equivalent in mydriatic power to the members of groups II 
and III of the above table, whilst the following are stated to be 
inactive in dilute solution : 

Acetyltropeine. Atropyltropeine. 
Glycollyltropeine. Hippuryltropeine. 


Lactyltropeine. Atropinesulphuric acid. 
Succinyltropeine. Homatropinesulphuric acid. 


Before considering whether any general conclusions can be 
drawn from these results, attention may be directed to the general- 
sation which has found its way into the literature, sometimes in 
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association with Ladenburg’s name. This generalisation states 
that a tropeine to have mydriatic properties must contain (1) a 
benzene nucleus, and (2) an alcoholic hydroxyl group in the side 
chain containing the carboxyl group. 

Now Ladenburg stated in 1883 that m-hydroxybenzoyltropeine 
had mydriatic properties, so it seemed unlikely that the general- 
isation was due to him. Accordingly, after a careful but 
unsuccessful search of the literature for such a _ generalisation 
under Professor Ladenburg’s name, we communicated with him, 
and learned that he was unable to recollect framing it. 

In the light of the evidence afforded above, it would appear that 
the first postulate of this generalisation is approximately correct; 
no tropeine of an aliphatic acid has yet been found to possess 
mydriatic properties in dilute solution, but, on the other hand, 
the closed chain need not necessarily be that of benzene, since 
8-2-pyridyl-a-hydroxypropionyltropeine, which contains a pyridine 
instead of a benzene residue, is active. 

The second postulate, that a tropeine to be mydriatic must have 
an alcoholic hydroxyl group in the side chain containing the 
carboxyl group, is incorrect, for mydriatic substances are obtained 
when the hydroxyl group of atropine is exchanged for acetoxy], 
chlorine, or bromine, and when the hydroxyl group of homatropine 
is exchanged for hydrogen, chlorine, or an amino-group, or when it 
is closed by the formation of a lactone; moreover, benzoyl- and 
o, and m-hydroxybenzoyl-tropeines are mydriatic. The loss of 
mydriatic properties on the replacement of the hydroxyl group in 
atropine and homatropine by the sulphuric acid residue is possibly 
due to the same cause which operates in the case of substances 
containing a free carboxyl group, such as benzoylecgonine and 
quitenine. 

Whilst, however, the second postulate is incorrect as regards 
the qualitative mydriatic action of tropeines, it must be remem- 
bered that those tropeines which we found more active than, or 
equal to, homatropine in mydriatic properties contained an 
alcoholic hydroxyl group. 

Of the tropeines of hydroxybenzoic acids, the o- and m-sub- 
stituted compounds were active, whilst the » and also the 3: 4-di- 
hydroxy-compounds were inactive. Substitution in the pposition 
in this case causes the mydriatic action to vanish, and in the 
case of the methylmandelyltropeines also the para-compound is 
less active than the ortho and meta-isomerides. 

The tropeines of substituted hydratropic, phenylacetic, and 
phenylpropionic acids were all active with the exception of 
atropinesulphuric acid, homatropinesulphuric acid, the lactone of 


— 2 @® 
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o-carboxyphenylglyceryltropeine, and those containing an un- 
saturated linking in the side-chain containing the carboxyl group. 

Consideration of the above material led us to conclude that no 
generalisation as to the relation between mydriatic action and 
chemical constitution could be made which would offer a strict 
explanation of the results obtained. 

Before leaving the subject of the tropeines, attention may be 
directed to some points of interest in connexion with allied 
mydriatics. Norhyoscyamine, which differs from hyoscyamine in 
containing an imino- in the place of an N-methyl group, has only 
one-eighth of the mydriatic effect of hyoscyamine, and the racemic 
form, noratropine, is again about one-eighth as active as atropine 
(Carr and Reynolds, T., 1912, 101, 946. Physiological tests by 
Laidlaw). 

It has already been pointed out that the steric structure of the 
acyl radicle of a tropeine influences its mydriatic properties. The 
steric structure of the basic portion of the molecule is also 
important, for the troy! and mandelyl esters of y-tropine have no 
mydriatic properties (Liebermann and Limpach, Ber., 1892, 25, 
933. Physiological tests by Liebreich). 


Aminoalkyl Esters. 


The question as to what portions of the cocaine molecule (I) are 
essential to the local anesthetic action of the alkaloid has long 
been the subject of investigation, and the collated results of 
numerous workers have shown, by a series of eliminations, that 
the anesthetic properties of cocaine are associated with its func- 
tion as an aminoalkyl ester. It has been found that the carboxy- 
methyl (CO,Me) group is not an essential factor, since tropa- 
cocaine (II), which contains no such group, produces the same 
effect; and, further, the presence of a bridged or simple ring 
containing nitrogen is unnecessary, since eucaine (III), which 


* possesses only a simple, not a bridged ring, and stovaine (IV), 


alypine (V), and novocaine (VI), which contain no such ring, have 
well-marked local anzsthetic properties. 
CH,-CH—CH:CO,Me CH,-CH—CH, 
l 
| NMe GH-O-COPh | NMe CH-0-COPh 
1 ie ! 
CH,"CH—UH, CH,-CH—CH, 
(I.) (II.) 
CH,*CMe—CH, CH,’N Me, 
l I 
NH CH-:0-COPh C,H,°C*0-COPh 
A; 
CH,°*CH—-CH H 
- (1V.) 
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CH,’NMe, 
C,H,-C-O-COPh —_(C,H,),N-CH,-CH,-0-CO-0,H, NH, (p) 
CH,-NMe, 
(V.) (VI.) 

From the above considerations, it follows that local anzsthetic 
action is associated with the aminoalkyl ester structure, and we 
may now inquire what complexes in such esters are necessary for 
the possession of local anesthetic properties. Aminoalkyl esters 
have the general formula R-CO-O-(CR,R,),-NR,R,; they are 
formed by the esterification of an acid with an alcohol containing 
an amino-greup, and may be dealt with conveniently from this 
point of view. 

The acyl group of aminoalky] esters possessing local anzsthetic 
properties is in most cases aromatic, and in the majority of sub- 
stances of practical application is the benzoyl group, as instanced 
by the compounds numbered I to V. Fourneau (J. Pharm. Chim., 
1910, [vii], 2, 337, 397) has, however, recorded that the valeryl, 
bromovaleryl, and bromoheptoyl esters of dimethylaminodi- 
methylethylcarbinol (the benzoate of which is stovaine) have 
anesthetic properties, so that the presence of a ring complex in 
the acid does not appear to be essential. 

In the case of cocaine, replacement of the benzoyl by substi- 
tuted benzoyl or other acid radicles leads to substances with much 
weaker local anesthetic properties. Thus the phenylacetyl deriv- 
ative is much less powerful, the o-chlorobenzoyl and m-nitrobenzoyl 
derivatives have only a slight local anesthetic action, and the 
m-hydroxybenzoyl compound still less, whilst the substances in 
which the benzoyl is replaced by the valeryl, m-aminobenzoyl, 
phthaloyl, cinnamoyl, or isatropyl radicles are inactive (Ehrlich, 
Liebreich, and Poulsson. Compare Ehrlich and Einhorn, Ber., 
1894, 27, 1870). Substitution in the benzoic acid nucleus of 
aminoalkyl benzoates is not, however, necessarily associated with ° 
weak local anesthetic action, for the p-aminobenzoy] esters of many 
amino-alcohols are strong local anesthetics, novocaine being 
diethylaminoethyl p-aminobenzoate, whilst the dialkylaminoalky 
3:4-diaminobenzoates have also considerable local anesthetic 
properties (Einhorn, D.R.-P., 194365). In the case of cocaine, 
the substitution of phthaloyl for benzoyl gave an inactive com- 
pound, and, similarly, whilst diethylaminoethyl benzoate, 
NEt,*CH,°CH,°O-COPh, is stated to have local anxsthetic proper- 
ties (E. Schering, D.R.-P., 175080), diethylaminoethyl phthalate 
proved to be inactive (Pyman, T., 1908, 98, 1793. Physiological 
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tests by Dale and Symons). Passing now to aromatic acids, in 
which the carboxyl of the acyl group is not directly attached to 
the benzene nucleus, we have seen that the replacement of the 
benzoyl by the phenylacetyl group in cocaine gives a substance 
having local anesthetic properties ; with a-eucaine, also, the phenyl- 
acetyl compound has well-marked local anzsthetic properties 
(Vinci, Virch. Arch., 1898, 154, 549); it was found, however, that 
replacement of the paminobenzoyl group by the p-aminophenyl- 
acetyl group in novocaine and anesthesine (ethyl p-aminobenzoate) 
gave inactive compounds, diethylaminoethyl and ethyl p-amino- 
phenylacetates (Pyman, this vol., p. 167. Physiological tests by 
Dale and Symons). 

Cinnamic acid usually, but not invariably, confers local anzs- 
thetic properties on aminoalkyl esters. As we have seen, cinnamoyl- 
cocaine is inactive, but the a-eucaine derivative has local 
anesthetic properties (Vinci, Joc. cit.). Tetramethyldiamino- 
dimethylethylcarbinyl cininamate, that is, an “alypine” in which 
cinnamic acid takes the place of benzoic acid, produces an 
anesthetic effect lasting twice as long as that brought about 
by the same quantity of cocaine (Farbenfabriken vorm. F. 
Bayer & Co., D.R.-P., 173631), whilst +-diethylaminopropyl 
cinnamate (apothesine) also has well-marked local anzsthetic 
properties (E. A. Wildman and L. Thorp, U.S. Pat., 1193649). 

It may be noted that the aminoalkyl esters of aminocinnamic 
acid are stated to have several times the local anesthetic power of 
those of aminobenzoic acid (Meister, Lucius, & Briining, D.R.-P., 
187593). 

With regard to the nature of the substituted amino-group 
required in an alkamine ester having local anesthetic properties, 
there is little available information. Most of the best known local 
anesthetics contain a tertiary amino-group, but B-eucaine, which 
has powerful local anesthetic properties, contains a secondary 
amino-group. Norcocaine, in which the N-methyl group is re- 
placed by the imino-group, has greater local anesthetic properties 
than cocaine (compare Ehrlich and Einhorn, loc. cit.), but the 
primary amine corresponding with novocaine, namely, B-amino- 
ethyl paminobenzoate (VII) (Forster, T., 1908, 93, 1865. 
Physiological tests by Dale), is devoid of local anzsthetic action. 

The nature of the alkyl groups replacing the hydrogen atoms 
of the amino-group appears to affect the local anesthetic properties 
in some degree; thus, piperidylethyl benzoate (VIII) is only 
slightly active, whilst s-di-8-benzoyloxy-1 :4-diethylpiperazine (IX) 
has very distinct action, and 88-dibenzoyloxytriethylamine (X) is 
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slightly active, whilst $8-dibenzoyloxymethyldiethylamine (XI) 
(Pyman, Joc. cit.) is inactive. 


NH,-CH,-CH,-0-00-0,H,:NH, C,H, ,N-CH,-CH,-0-COPh 
(VIL.) (VIIL.) 
PhCO-0-CH,'CH, NOH HY CH,-CH,0-COPh 
(Ix.) 

NEt(CH,*CH,-0-COPh), NMe(CH,-CH,-0-COPh), 
(X.) (XI.) 


The alcohol residues of these esters are very varied in character ; 
they may be primary, secondary, or tertiary, and may separate 
the acyl residue and the substituted amino-group by chains of a 
varying number of carbon atoms. 

As instances of active aminoalkyl esters derived from primary 
alcohols, we have novocaine and the dialkylaminoethyl benzoates ; 
in these, only two carbon atoms separate the acyl- and amino- 
groups. y-Diethylaminopropy] cinnamate is an example of an ester 
of-a primary alcohol in which the two groups referred to are 
separated by three carbon atoms. Cocaine, tropacocaine, and the 
eucaines are derived from secondary alcohols containing a chain 
of three carbon atoms between the acyl- and amino-groups, whilst 
instances of local anesthetic property in secondary alcohols, in 
which these groups are separated by only two carbon atoms, are 
furnished by §-benzoyloxy-B-3 : 4-methylenedioxyphenylethyldi- 
methylamine (I) and fy-dibenzoyloxydimethylpropylamine (II) 
(Pyman, /oc. cit.). 


O-CH, 
YN CH,°NMe, 
ale GH-0-COPh 
Mg ; 
OH-O-COPh CH,-0-COPh 
1 
CH,:NMe, 


(I.) (II.) 


Finally, typical examples of local anesthetics derived from 
tertiary alcohols are stovaine and alypine, in which the acyl and 
amino-groups are also separated by a chain of two carbon atoms. 

The general conclusions to be drawn from the above summary 
are that in aminoalkyl esters having local anzsthetic properties 
(1) the acyl group is usually aromatic, (2) the amino-group may 
be secondary or tertiary, and may be associated with simple or 
bridged ring complexes, and (3) the alcohol group may be primary, 
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secondary, or tertiary, and may separate the acyl and amino- 


| groups by a chain of either two or three carbon atoms. 


Adrenaline and the Amines. 


Adrenaline, the active principle of the suprarenal gland, is a 
substance of powerful physiological action. Its action simulates 
the effects of exciting sympathetic nerves, and in consequence has 
been termed “sympathomimetic.” 

Therapeutically, it is chiefly used to prevent bleeding by its 
vasoconstrictor action when applied locally; when injected intra- 
venously, it causes, amongst other symptoms, a large rise of blood 
pressure, also partly due to vasoconstriction, and the measure of 
this pressor effect, when accompanied by other symptoms of 
sympathomimetic action, serves for the comparison of adrenaline 
with allied compounds. 

Adrenaline is of comparatively simple constitution, being 
B-3 :4-trihydroxy-8-phenylethylmethylamine (I), and the question 
as to the relative influences of the different portions of its mole- 
cular structure has been the subject of much investigation. It 
was at one time suggested that the catechol nucleus (II) was the 
essential active group, for catechol causes a rise of blood pressure 
on intravenous injection, whilst the other half of the molecule, 
B-hydroxyethylmethylamine (IIT), has no such action. 


OH oH 
A~\N / 
wx | ou CH,0H 
Pai \4 A. 
, OH,-NHMe 
CH,-NHMe 

(L.) (IL): (III.) 


Barger and Dale (J. Physiol., 1910, 41, 19), however, showed 
that the rise of blood pressure produced by catechol was not due 
to sympathomimetic action, but to an action of an entirely different 
type, whilst, on the other hand, many aliphatic and aromatic 
amines had an action very similar to that of adrenaline. They 
studied the relation between chemical constitution and sympatho- 
mimetic action in a large number of amines gradually approaching 
adrenaline in constitution, and as a quantitative index of the 
activity of the compounds they adopted the effect on arterial blood 
pressure. The aliphatic amines were first examined, then those 
containing a phenyl group, and finally phenylalkylamines, in which 
one, two, or three hydroxyl groups were introduced as substituents 
into the benzene nucleus. In the aliphatic series, the following 
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results were obtained with primary amines under comparable con- 
ditions : 
Substance. Pressor effect. 

(1) Methylamine 

(2) Ethylamine | 

(3) ts0Propylamine insignificant. 

(4) n-Propylamine 

(5) tsoButylamine 


(6) n-Butylamine, positive. 
(7) tsoAmylamine, several times that of No. 6. 
(8) n-Amylamine, distinctly greater than that of No. 7. 
(9) n-Hexylamine, reater than that of No. 8. 
(10) n-Heptylamine, ess than that of No. 9. 
(11) n-Octylamine, less than that of No. 10. 


With still higher members of the series, comparison was difficult, 
since they became increasingly toxic. 

Of secondary amines, diethylamine was found to be inactive, 
methylisoamylamine, C;H,,-NHMe, was considerably weaker than 
isoamylamine, whilst ditsoamylamine had very little of the action. 
In the aliphatic series, therefore, the most active member proved 
to be n-hexylamine. 

The next group examined consisted of aromatic amines in which 
the benzene nucleus was otherwise unsubstituted. 

(1) Aniline, Ph’NH,, did not show the specific action. 

(2) Benzylamine, Ph’CH,’NH,, had a mere trace of the action. 

(3) a-Phenylethylamine, Ph*CHMe'N H,, was very feebly active. 

(4) 8-Phenylethylamine, Ph*CH,°CH,’‘NH,, was more active than Nos. (3) 
and (5), and its activity was 
distinctly greater than that 
of n-hexylamine, the most 
active of the aliphatic 
amines, 

.») y-Phenylpropylamine, Ph*[CH,],"NH,, = — less active than 

0. (4). 

B-Phenylethylamine, which proved to be the most active of this 
series, contains the skeleton of adrenaline, but differs from it in 
lacking (1) the 3:4-dihydroxyl substituents of the benzene nucleus, 
(2) the hydroxyl substituent of the B-carbon atom, and (3) the 
methyl group attached to the nitrogen atom. The effect of the 
two last substitutions singly or together on §-phenylethylamine 
was tested by the examination of 8-hydroxy-8-phenylethylamine, 
Ph-CH(OH)-CH,*NHg, 8-phenylethylmethylamine, 

Ph-CH,°CH,-NHMe, 
and §-hydroxy-8-phenylethylmethylamine, 
Ph-CH(OH)-CH,’NHMe, 

none of which differed noticeably in activity from 8-phenylethyl- 

amine. 

Further work was directed to determining the influence of 
phenolic hydroxyl groups on the action of these phenylalkyl- 


a. & 
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amines, and in the first place the effect of introducing a single 
hydroxyl group was ascertained, with the following results: 


(1) p-Hydroxy-8-phenylethylamine, 
HO’C,H,’°CH,’°CH,‘NH,. 


(2) m-Hydroxy-8-phenylethylamine, 
(3) o-Hydroxy-8-phenylethylamine, 


(4) 4-Hydroxy-8-m-tolylethylamine, 
Me 


HOt _ CH,'CH,"NH,, 


(5) 8-p-Dihydroxy-8-phenylethylamine, 
HO’C,H,°CH(OH)°CH,*NH,. 

(6) p-Hydroxy-w-aminoacetophenone, 

C,H,°CO’CH,"NH,. 
(7) p- Hydroxy B- phenylethylmethylamine, 
, CH,"CH,*NHMe. 

(8) p- Sydcontd B- phenylethylethylamine, 
HO’C,H,°CH,"CH, "NHEt. 

(9) p- Hydroxy- B- phenylethyldimethylamine, 
HO’C,H,°CH,°CH,"NMe,. 

(10) p-Hydroxy-s- phenylethyltrimethyl 
ammonium iodide, 
HO’C,H,°CH,*CH,"NMe,I. 

(11) dl-p- -Hydroxy- a-phenylethylamine, 
HO’C,H,°CHMe'NH,. 

12) l-p- -Hydroxy- -a- -phenylethylamine, 


(13) p-Hydroxyphenylethylacetamide, 
"C,H,°CH,°CH,"NHAc. 
(14) Tyrosine ethyl ester, 
HO’C,H,°CH,°CH(CO,Et)*NH,. 


3 to 5 times as active as 
8-phenylethylamine. Had 
about 1-20th of the activity 
of adrenaline. 

Equal to (1). 

No more active than 8-phenyl- 
ethylamine. 


Half as active as (1). 


Less active than (1). 


Feebly about 
active as (1). 
About the same as (1). 


1-10th as 


Considerably less active than 
(1) and (7). 

Very much less active than 
(i) and (7). 

Action entirely different from 
that of adrenaline, resemb- 
ling that of nicotine. 

Very slightly active. 


Very slightly active; not 
different from (11). 
Inactive. 


Inactive. 


The foregoing results show that the introduction of a hydroxyl 


group into phenylethylamine is accompanied by an increase in 
activity in the case of the » and m-compounds, but not in that 
of the o-substituted compound. 

Here again, as in the unsubstituted phenyl series, neither the 
introduction of a hydroxyl group in the 8-position (5), nor methyl- 
ation of the nitrogen (7) increases the activity of the parent com- 
pound, whilst the introduction of a larger alkyl group (8) or 
second methyl group (9) on the nitrogen atom seriously diminishes 
the activity of the compound. 

The next group of compounds examined contained two phenolic 
hydroxyl groups, and included (a) derivatives of acetocatechol, 
(6) derivatives of ethylcatechol, and (c) derivatives of hydroxy- 
ethyleatechol. By determining the doses which produced rises of 
blood pressure to equal submaximal heights, the approximate 
average activity values were found to be as follows: 
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(a) (1) 3: 4-Dih ee amepenevteghanene, 


OH), CyH,°CO°CH, Ng ........ccsecceceercccereersesecsereeeeees 15 
(OH),C,H, H,*NH, Weaker 
(2) 3: 4-Dihydroxy-w-methylaminoacetophenone, than No. 
(OH),C\H, CO-CH, "NHMe (1); age 
than 
No. (4). 
(3) 3: 4-Dihydroxy-w-ethylaminoacetophenone, 
(OH) 2CeHy’CO"CH," TEED aconccssnpeunsueseeasesoocsccctcceesess 2-25 
(4) 3: 4- Dihydroxy ropylaminoacetophenone, 
(OH),C,H, COO “bane ws r See etme wtnmmnigamamtes 0-25 
b) (6 e S= = dro -B-phenylethylamine, 
es C,H, CH, CH, "NH, .......... sscssenessenesntn 1 
(6) 3\ ve B- hen lethylmethy amine, 
(OH) inary inte anee a 5 
(7! 3:4- Dihydro -B- phenylethyletiiyiamine, 
(OH),C,H, °C CH, CH semebbbagangiueesncceecesvecsocsece 1-5 
(8) 3: 4- Dihyarony- -B- alee Isthyhproppiaming, 
(OH ),C,H,°C *CH,* PTETCST OOOO OCC eee eee eee eee eee 0-25 
(c) (9) at 8-3 : 4-Trih ydroxy- -B- phonyltiyiamine, 
(OH),.C,H,°CH(OH) CH,’ NHyg  ......ceceeeeeeeeeeeeeeeeeeeeeees 50 


(10) dl-8-3: 4-Trihydroxy-8-phen = Wi sae car oars (dl-adren- 
aline), (OH),C,H,°CH(OH)°CH,"NHMe..............0.0s00000s 

(11) l-8-3 : 4-Trihydroxy-8-phenylethylmethylamine (/-adren- 
BD eben cwncetencnensssicuscevesesnccosenenpaqesnmunssnertsevetsesaces 


In these series, the N-propyl derivatives were much less active 
than the N-methyl and N-ethyl derivatives, but there is no con- 
sistency in the relative values of the amino-, V-methyl, and NV-ethyl 
derivatives; in the (a) series the N-ethyl, in the (6) series the 
N-methyl, and in the (c) series the amino-compound, was the most 
active of those examined. 

Two amines containing three phenolic hydroxyl groups were also 
examined, namely, 2:3: 4-trihydroxy-w-aminoacetophenone, 

(OH),C,H,"CO-CH,"NHg2, 
and 2:3:4-trihydroxy-8-phenylethylamine, 
(OH),C,H,-CH,*CH,"NH,. 

In each case the pressor action was somewhat weaker than that 
of the corresponding catechol base. 

Consideration of the above results led Barger and Dale to the 
following conclusions: “The optimum  carbon-skeleton for 
sympathomimetic activity consists of a benzene ring with a side- 
chain of two carbon atoms, the terminal one bearing the amino- 
group. Another optimum condition is the presence of two 
phenolic hydroxyls in the 3:4-position relative to the side-chain; 
when these are present, an alcoholic hydroxyl still further 
intensifies the activity. A phenolic hydroxyl in the ortho-position 
does not increase the activity. 

Many physiologically active amines occur in nature as the result 
of decarboxylation of amino-acids by bacteria. Of those men- 


hit 
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tioned above, for instance, isoamylamine and p-hydroxy-f-phenyl- 
ethylamine are derived from leucine and tyrosine respectively. 
HO-C,H,°CH,*CH(NH,)-CO,.H —> HO-C,H,°CH,°CH,*NHp. 
Tyrosine. p-Hydroxy-8-phenylethylamine. 
Derivatives of ethylamine containing heterocyclic nuclei are 
formed similarly, thus indole-ethylamine from tryptophan and 
aminoethylglyoxaline from histidine. Aminoethylglyoxaline occurs 
naturally in ergot, and is an intense stimulant of plain muscle; 
several of its derivatives and allied compounds listed below have 
been prepared and compared with it physiologically (Ewins, T., 
1911, 99, 2052; Pyman, ibid., 2172; 1916, 109, 186. Physio- 
logical tests by Laidlaw and Dale): 


(1) 4-Aminomethylglyoxaline..............cceceeeees C,H,N,°CH,* ea 

(2) 5-Methyl-4-aminomethylglyoxaline............ Me’C, ,CH, "NH 

(3) 5-Methyl-4-methylaminomethylglyoxaline by * C,HLN, *CH, ‘NHMe. 
(4) 4-8-Aminoethylglyoxaline ........s..s..s0s0++- CsHNe" “CH, ‘CH, ‘NH, 


C,H 
(5) By-bis(4-Glyoxaline)-propylamine ............ tial (Wie 
C,H,N,"CH’CH,'NH,. 


(6) 8-Hydroxy-8-glyoxaline-4-eth pasta ouien C,H,N *CH(OH)°CH,’*NH,,. 
(7) 5-Methyl-4-aminoethylglyoxaline ............ Mo',HLN, ‘CH, CH, "NH. 
(8) 1-Methyl-4- enieatglipentiies bthacabedias C,H.N ,°CH,°CH,’ NH. 
(9) 1-Methyl-5-aminoethylglyoxaline ............ Me" C,H N,*CH,°CH,*NH,. 
(10) 4-y-Aminobutylglyoxaline  ...........ss.eeeeees C,H,N," CH, CH," CHMe’NH, 


Of these compounds, No. 6 was found to be less active than 
aminoethylglyoxaline (No. 4), and No. 7 had only about a 1/200th 
of the characteristic stimulant action of No. 4, whilst the remain- 
ing members of the series only showed this action to a slight 
extent. Here also the optimum side-chain has two carbon atoms 
between the cyclic system and the amino-group, the compounds in 
which one (No. 1) and three (No. 10) carbon atoms separated these 
groups being much less active. The introduction of an alcoholic 
hydroxyl group (No. 6) or of methyl substituents into the nucleus 
(No. 7) or into the imino-group (Nos. 8 and 9) also gave less active 


compounds. 
Protozoacidal Drugs. 


The fourth and last example of the relation which I desire to 
discuss to-night concerns the action of certain alkaloids in proto- 
zoal diseases. Malaria is a condition in which the blood is infested 
with plasmodia, and is treated by means of quinine, which has a 
specific action on the parasites. Amebic dysentery is similarly 
due to infection with the Hntameba histolytica, and responds 
best to the action of emetine. Experiments have recently been 
conducted in both fields to determine whether some derivative of 
the alkaloids mentioned, or one of the alkaloids associated with 
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them in cinchona bark or ipecacuanha root respectively, have any 
advantages therapeutically. The line of attack has been some 
what similar in the two cases; the toxicities of the drug and a 
number of its derivatives to protozoa and mammals were first deter- 
mined in the laboratory, and the more promising derivatives were 
then tested clinically. 

In the case of the inquiry into the value of certain cinchona 
derivatives (A. C. MacGilchrist, Ind. J. Med. Res., 1914—1915, 
2, 315, 336, 516; 1915—1916, 3, 1), the relative lethality of each 
derivative to different species of infusoria (as representing protozoa) 
and to guinea-pigs (as representing mammals) was determined, with 
the object of finding some indication as to which derivative would be 
most useful for the treatment of malaria, that is, would kill the 
parasite and yet cause least inconvenience or harm to the host. 

The results obtained are tabulated below, the substances being 
given in the order of their lethality to infusoria, ethylhydro- 
cupreine hydrochloride being the most toxic. The minimum lethal 
dose to guinea-pigs is also given, together with formule designed 
to show the structural differences at a glance; the two pairs of 
stereoisomerides, quinine and quinidine, cinchonine and cinchon- 
idine, differ in the sign of the carbon atom bearing the alcoholic 
hydroxyl group. 


M.L.D. for 
guinea-pigs 
Substances in order of lethality mg. per 
to infusoria. kilog. Formula. 

1. Ethylhydrocupreine hydrochloride 0-65 EtO'C,,H, ,ON,°CH,°CHs. 
2. Cinchonine sulphate ................+. 0-425 H-C,,H,,ON,‘CH:CH 
3. Quinine sulphate ............-........ 0-525 MeO-C,,H,,ON,"CH:CH 
4. Hydroquinine hydrochloride ......... 0-6 MeO°C, ,H, ,ON,*CH,°CH,. 
5. Quinidine sulphate .................+++ 0-4 MeO’C, ,H,,ON,°CH:CH,. 
6. Cinchonidine sulphate...............++. 0-6 H’°C, ,H,,ON,"CH:CH,. 


From these results, it appeared that ethylhydrocupreine, in 
which the vinyl group of quinine is reduced, whilst ethoxyl takes 
the place of methoxyl, was a promising subject for clinical trial 
in malaria. On a clinical comparison, however, the order of their 
value was found to be as follows: 

1. Hydroquinine hydrochloride. 
Cinchonine sulphate. 
2. | guiine sulphate. 
Quinidine sulphate. 
5. Ethylhydrocupreine hydrochloride. 
6. Cinchonidine sulphate. 


In the case of the alkaloids of ipecacuanha, determinations of 
the relative toxicity of a number of compounds to free living 
amebe gave the following results (Pyman and Wenyon, J. 
Pharmacol., 1917, in the press). Emetine, cephaeline, V-methyl- 
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emetine, and JN-methylcephaeline were approximately equally 
ameebacidal; N-methylemetine methochloride, rubremetine hydro- 
chloride, noremetine, and the hydrochloride B, 
C.)H,,0,NCl,,HC1,5H,0, 

obtained by the oxidation of cephaeline, were inferior to these, 
whilst psychotrine sulphate was much inferior. These results 
indicate that the full ameebacidal action characteristic of emetine 
is only exhibited when the nucleus is intact. The exact constitu- 
tion of the nucleus of these alkaloids is at present unknown, but 
it is certainly present intact and fully reduced in emetine, 
cephaeline, V-methylemetine, V-methylcephaeline, and noremetine, 
for these substances are interconvertible in a simple manner, differ- 
ing only in the number of methyl groups attached to the oxygen 
and nitrogen atoms of the molecule. 


OH 


(OH), OM (OMe), 
Oy Hy | NH C,H, - )s CysH yy) NH 
\N 7 N 
Noremetine. Cephaeline. Emetine. 
OH OH ; 
OMe) 
OM OM : (OMe), 
C,5H95 Ny H °)s Co5H gy C Me hs ‘ | Nat 
N N P 


Psychotrine. N-Methyleephaeline. N-Methylemetine. 


It is interesting to note that four of these compounds were very 
active. The inferiority of noremetine may conceivably be due to 
the fact that this compound contains four hydroxyl groups in 
place of the four methoxyl groups of emeiine, for Laidlaw (loc. 
cit.) has shown that amongst other isoquinoline derivatives a 
similar change of constitution produces an alteration in physio- 
logical action. NW-Methylemetine methochloride is a biquaternary 
salt, and, as such, a difference in its action from that of the 
parent tertiary base is not surprising. The fact that the hydro- 
chloride B still retains some amebacidal properties is interesting, 
because of the comparatively simple constitution of this substance, 
which is devoid of the guaiacol residue and one of the nitrogen 
atoms of cephaeline. The two remaining substances, rubremetine 
and psychotrine, are not fully saturated, rubremetine hydrochloride 
containing eight hydrogen atoms fewer than emetine hydrochloride, 
whilst psychotrine contains two atoms of hydrogen fewer than 
cephaeline. 

Some of the above compounds and certain others have also been 
tested on HLntameba histolytica in vitro (Dale and Dobell, /. 
Pharmacol., 1917, in the press), and here again emetine, cephaeline, 
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and N-methylemetine proved to be active, as was also the O-methyl 
ether of psychotrine (which had not been tested on free living 
amebe), whilst psychotrine again proved to have only a slight 
action. 

It is curious to contrast the similarity of action between cephae- 
line and its methyl ether, emetine, with the difference between 
psychotrine and its methyl ether. The toxicity of many of the 
above compounds was determined, and the laboratory results 
indicated that V-methylemetine and O-methylpsychotrine were less 
toxic than emetine to mammals. Since they were at the same time 
equal to emetine in ameebacidal properties, it was thought that 
they might prove to be superior to this alkaloid in the treatment 
of amebic dysentery, but unfortunately clinical trials have shown 
that this is not the case (G. C. Low, Brit. Med. J., November 
13th, 1915; C. M. Wenyon and F. W. O'Connor, J. Roy. Army 
Med. Corps, 1917, 28, 473; M. W. Jepps and J. C. Meakins, Brit. 
Med. J., November 17th, 1917, 648). 


A review of the subjects discussed to-night leads to the con- 
clusion that it is very difficult to improve upon naturally occurring 
active principles, the use of which in medicine is due to accumu- 
lated experience. In point of maximum effect, none of the natural 
compounds discussed to-night—hyoscyamine, cocaine, adrenaline, 
quinine, emetine—is surpassed by its derivatives; but, on the 
other hand, it has been possible in some of the cases to prepare 
derivatives or synthetic analogues which have proved to be of 
service in medicine. 


In conclusion, I should like to thank Dr. H. H. Dale, F.R.S., 
of the staff of the Medical Research Committee, for help on the 
physiological side, and Dr. H. A. D. Jowett for his collaboration 
in the previous paper, which forms the basis of much of the work 
recorded above. 
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U. 

Unsaturated compounds, absorption 
spectra of (MacBeTH and StEwart), 
829. 

V. 

Vanillin, C,H,9,. 


Veratric-6-sul ide, C,H,O;NS. 
Veratrole, C,H,,.0,. 


Ww. 
Walden inversion (SENTER and 
MARTIN), 447. 
Z. 
Zine nitrite (RAy), 159. 
sulphide, phosphorescent (Mac- 


OUGALL, STEWART, and Wrieart), 
663. 
Zingerone, C,,H,,03. 
Zirconium salts, basic, properties and 
constitution of (Ropp), 396. 


FORMULA INDEX. 


THE following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindwngen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, S, P, and the 
remainder alphabetically. 


The compounds are ae 
Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc.). : 


Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chiorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances. 


C, Group. 
CH, Methane, electrical ignition of mixtures of air and (WHEELER), 411. 


i I 
CHN Hydrocyanic acid, sodium salt, hydrolysis of (WortEY and Browne), 
1 lad 


fe 
CH,O Formaldehyde, action of ammonium chloride with (WERNER), 844. 
CH,0, Formic acid, kinetics of oxidation of, and its salts (Duar), 707. 
CH,N, Cyanamide, constitution of (CoLson), 554. 
CH,N Methylamine, preparation of (WERNER), 844. 
1 Ill 
CH,ON, Carbamide, decomposition of, by nitrous acid (WERNER), 863. 


CH,N.S Thiocarbamide, salts of (Dixon), 684; compounds of alkyl esters 
with (TAyLorR), 650. 


C, Group. 

C,H, Acetylene, ignition of mixtures of air and (Hawarp and Sastry), 841. 
C,H, Ethylene, action of bromine water on (READ and WILLIAMS), 240. 

2 Il 
C,H,0, Oxalic acid, kinetics of oxidation of, and its salts (DAR), 707. 
C.H,N Dimethylamine, preparation of (WERNER), 844. 

2 Ill 
C,H,ON Acetaldehyde-ammonia, action of, on quinones (GHosH), 608. 


2IV 
C,H,0,N,S Substance, from thiocarbamide and methyl nitrate (TayLor), 657. 


C, Group. 

CHO Acetone, pn eo of flame in mixtures of air and (WHEELER and 
HITAKER), 267 ; compounds of calcium chloride and (BAGSTER), 494. 
C,H,0O. Methyl acetate, effect of sucrose on the hydrolysis of (GrirFirH, 

LAMBLE, and Lewis), T., 390. 
3 Ill 


C,H,N,S, Substance, from thiocarbamide and methyl thiocyanate (TaYLor), 659. 
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C, Group. 
C,H,,O Ethyl] ether, compound of ferric chloride with (Forster, Cooper, and 
Yarrow), 809. ston 


C,H,0.S «8-Thiocrotonic acid, and its salts (RAy and Dey), 510. 


4 IV 
C,H,0,IS §-Iodo-a8-thiobutyric acid, silver salt (RAy and Dey), 512. 
C,H,,0,N,S, Substance, from methyl sulphate and thiocarbamide (TayLor), 655. 


C; Group. 


C;H,O, Acetylacetone, action of aromatic amines on (TURNER), 1. 


C, Group. 
C,H, Benzene, reaction of phthalyl chloride with (Copisarow), 10. 
6 Il 
C,H,O, Catechol, orientation and scission of substituted ethers of (Jongs and 
Rosrnson), 903; (G. M. and R. Rosrnson), 929. 
C.H,N. Phenylhydrazine, action of, on opianic, nitro-opianic, and phthalonic 
acids (MirreR and Sen), 988. 
6 Ill 


C,H,ON, Benzisooxadiazole, preparation of (GrEEN and Rowe), 618. 


6 IV 
C,H,O.N,S Benzenediazo-l-oxidesulphonic acids, and their salts (Mor- 
GAN and Tomiins), 501. 
Phenol-8- and -4-diazoniumsulphonates (MorGAN and ToMLIns), 503, 
C.H,NBr,I Dibromoiodoanilines (SupBoRrovGH and LAKHUMALANI), 47. 
C,H,,0,N,S, Substance, from ethyl sulphate and thiocarbamide (Taytor), 656. 


C, Group. 
C,H,O, 2:3:4:6-Tetrahydroxybenzoic acid (+ H,O) (NizREnsTEIN), 5. 


7 Ill 
C,H,0,N, Substance, from diazotisation of 5-nitro-3-aminosalicylic acid (MEL- 
DOLA, Fostrr, and BrRIGHTMAN), 541. 
C,H,0,Cl, 4:5-Dichlorocatechol methylene ether (Orr, Roprnson, and 
WILLIAMs), 949. 
C,H,0,Br, 4:5-Dibromocatechol methylene ether (Jonzs and Rostnson), 
913. 


C,H,ON, Formyl-p-phenylenediazoimide (+ 1}H,O) (Morcan and Upron), 
190. 


C,H,ON, 5-Methylbenzisooxadiazole (Gren and Rowse), 619. 
C,H,0,Br, 4:5-Dibromoguaiacol (HinpMARsH, Knicut, and Rosrnson), 942. 
C,H,0,Br 5-Bromoguaiacol (Hinpmarsu, Knicut, and Rosrnson), 941. 


7IV 

C,H,0,N,Cl Substance, from diazotisation of chloroaminosalicylic acid (MEL- 
DOLA, Foster, and BricgHTMAN), 543. 

C,H,0,N,Cl 4-Chloro-5:6-dinitrocatechol methylene ether (Orr, Rosin- 
son, and WILLIAMS), 951. 

C,H,0,CIBr 4-Chloro-5-bromocatechol methylene ether (Orr, RoBinson, 
and WILLIAMs), 950. 

C,H,O,NCl 4-Chloro-5-nitrocatechol methylene ether (Orr, RoBInson 
and WILLIAMS), 951. 
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egy 4-Bromo-5-nitrocatechol methylene ether (Jongs and Rosin- 

son), 918. 

C,H,O,NCl 3-Chloro-5-nitrosalicylic acid (MgLpota, Fosrxr, and BricHt- 
MAN), 542. 

C,H,0,N,Br 5-Bromo-4:6-dinitroguaiacol (HrinpMarsH, KwNicni, and 
Rosinson), 942. 

C,H,O,NCl 3-Chloro-5-aminosalicylic acid (Me.pota, Foster, and 
BRIGHTMAN), 542. 

C,H,O,NBr 3-Bromo-5-aminosalicylic acid (Menpota, Fosrer, and 
BRIGHTMAN), 545. 

C,H,O,NCl 4-Chloro-5-nitroguaiacol (Grsson, Simonsen, and Rav), 82. 

C,H,O,NBr 6-Bromo-5-nitroguaiacol (Jones and Roprnson), 917. 


C, Group. 
C,H,0, 2:3:4:6-Tetrahydroxyacetophenone (NIERENSTEIN), 6. 
C,H,;N Coniine, compound of mercuric nitrite and (RAy), 507. 


8 III 
C,H,0,Cl, Phthalyl chloride, reaction of, with benzene (Copisarow), 10. 
C,H,O,N, 5-Nitro-3-cyanosalicylic acid (+H,O) (MeLpo.a, Foster, and 
BRIGHTMAN), 545. 
C,H,0,Cl 6-Chloropiperonal (Orr, Rosinson, and WILLIAMs), 948. 
C,H,0,Cl 6-Chloropiperonylic acid (Orr, Roprnson, and WiLLIAMs), 948. 
CoH.ONs 4:5:6-Trinitroethylenedioxybenzene (G. M. and R. Rosrnson), 


C,H,ON Substance, from p-benzoquinone and acetaldehyde-ammonia (GHosH), 
611. 

C,H,ON, Acetyl-p-phenylenediazoimide (+ H,O) (Morcan and Urron), 
193. 

C,H,O;,N Nitromethoxybenzoic acids, and their salts (SIMONSEN and Rav), 
224. 


C,H,0,N, 4:5-Dinitro-6-aminoethylenedioxybenzene (G. M. and R. 
Roprnson), 936. 

C.,H,0,N, Nitréaminomethoxybenzoic acids, and their salts (SIMONSEN 
and Rav), 226. 

C,H,0,N, 3:4-Dinitroveratrole (Gisson, SimonsEN, and Rav), 83; (JonEs 
and Rosrnson), 911. 

C,H,O,N, 3:5-Dinitro-2:4-dihydroxy-8-hydroxyethoxybenzene (G. M. 
and KR. Ropinson), 938. 

C,H,O,N Aminomethoxybenzoic acids, and their salts (SIMONSEN and 
Rav), 224, 

p-Hydroxyphenylglycine, preparation of (MeLpoLa, FostEr, and Bricut- 

MAN), 552. 

C,H,O,N Nitro-2-ethoxyphenols (G. M. and R. Rosinson), 932. 

C,H,0,N, Dinitro-3-aminoveratroles (Gipson, SIMONSEN, and Rav), 79, 81. 

C,H, rong 5-Nitro-3-aminoveratrole, and its salts (Gisson, SIMONSEN, and 

AU), 75 
6-Nitroveratrylamine (Jongs and Rosrnson), 914. 

C,H,,0;N, 3:5-Dinitro-2:4-diaminophenetole (G. M. and R, Rosrnsoy), 934. 

C,H,.0,N, 3:5-Dinitro-2:4-diamino-8-hydroxyethoxybenzene (G. M. and 
R, Rosinson), 936. 

C,H,,0,N 3-Aminoveratrole, and its picrate (Grsson, SimonsEN, and Rav), 79. 

C,H,,0N Tropinone (Rostnson), 762. 
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8 IV 

C,H,O.N,Br Bromodinitroveratroles(Jones and Rosrnson), 924; (Hrxp- 
MARSH, KNicutT, and RosBinson), 943. 

C,H,O,NBr 6-Bromo-5-nitroveratrole (Jones and Rosinson), 917. 

C;H,O,NS Nitroveratrolesulphonic acid, potassium salt of (Brown and 
Rosrnson), 953. 

C,H,,0,NS 3- and 5-Aminoveratrole-4-sulphonic acids (Brown and 
Rornson), 954. 

C,H,,0,N,S, Substance, from ethyl oxalate and thiocarbamide (Taytor), 661. 


8V 
C,H,ONBr,I Dibromoiodoacetanilides (SupBoRoveH and LAKHUMALANI), 
47. 


C,H,O,NCIS 5-Nitroveratrole-4-sulphonyl chloride (Brown and Rostn- 
SON), 953. 


C, Group. 
C,H,O; Phthalonic acid, action of phenylhydrazine on (MitTEeR and Sen), 988. 
C,H,,0, Substance, from trimethyl glucose and hydrocyanic acid (DENHAM and 
WoopHovse), 248. 
C,H,,0, Trimethyl glucose (DenHAm and WoopnHovsse), 244. 


9 Ill 

C,H,O.N, 5:6-Methylenedioxy-2-methylbenziminazole (Jones and 
‘RoBINsoN), 916. 

CH DM, eriine SO timethoxy benseni trike (Gisson, SrmoNnsEN, and 

AU), 76. 

C,H,O,N, 5-Nitro-4-acetylaminocatechol methylene ether (Jones and 
Rosinson), 914. 

C,H,O,N, 5-Nitro-3-acetylaminosalicylic acid (Mg.pota, Foster, and 
BrRiIGHTMAN), 541. 

C,H,0,Br §8-Phenyl-a-bromopropionic acid, kinetics and dissociation con- 
stant of (SeNTER and Martin), 447. 

C,H,0,Br 5-Bromo-2-methoxyphenyl acetate (HinpMAksH, KNIGHT, and 
Rosrnson), 941. 

C,H,O,N Methyl nitromethoxybenzoates (Simonsen and Rav), 229. 

C,H,,0,N. 6-Nitro-2-amino-3:4-dimethoxybenzoic acid (GrBson, Srmon- 
SEN, and Rav), 75. 

C,H,,0.Br 6-Bromohomoveratrole (Jones and Rosrnson), 919. 

C,H,,N;,S, Substance, from thiocarbamide and benzyl thiocyanate (TAYLOR), 660. 

C,H,,0,N, 5(or 6)-Nitro-6(or 5)-amino-1:2:4-trimethoxy benzene (JonEs and 
Rosinson), 926. 

C,H,,0,N, 3:5-Dinitro-2:4-dimethylaminoanisole (HinpMARSH, KNIGHT, 
and Rosrnson), 944. 

9 IV 


C,H,O,NCl 3-Chloro-5-acetylaminosalicylic acid (MeLpo.a, Fosrrr, and 
BRIGHTMAN), 543. : 

C,H,O,NBr Bromonitroveratraldehydes (JonzEs and Rosinson), 920, 923. 

C,H,O,NS Veratric-6-sulphinide (Brown and Rosrnson), 956. 

C,H,,O,NBr 6-Bromo-5-nitrohomoveratrole (JonEs and Rosrnson), 919. 

C,H,,0,NS Homoveratrole-6-sulphonamide (Brown and Rosrnson), 954. 


C,, Group. 
C,.H,.0, Benzoylacetone, action of aromatic amines on (TURNER), 1. 
CyoH,0; Opianie acid, action of phenylhydrazine on (MiTrER and SEN), 988. 
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C,.H,.0, 2:6-Dihydroxy-3:4-dimethoxyacet ophenone (NIERENSTEIN), 7. 
CyoHyN, Nicotine, compound of mercuric nitrite and (RAy), 507. 
C,.H,;N 2-Butylaniline, preparation of (REmLLY and Hickinsorrom), 1026. 
C,oH,,.N, Phenyl-n-butylhydrazine, and its hydrochloride (Remy and 
HIcKINBOTYTOM), 1028. 
p-Phenylene-n-butyldiamine, and its salts (REILLY and HickinBoTTom), 


10 III 
CyH,ON, Naphthisooxadiazole (GreEn and Rows), 617. 
C,H,O.N, Naphthisooxadiazole oxide (Green and Rowe), 616. 
C,.H,0O,N Nitro-opianic acid, action of phenylhydrazine on (MiTrer and SEn), 
988. 


CyHy»O,N, Acetyl derivatives of nitroaminomethoxybenzoic acids 
(SIMONSEN and Rav), 231. 

CyoH,,0,N Acetyl derivatives of aminomethoxybenzoic acids (SIMONSEN 
and Rav), 225. 

C,.H,,0,N Nitro piperonaldimethylacetal (Rosinson), 120. 

Croll, 0;Ns Dinitro-3-acetylaminoveratroles (Gipson, Simonsen, and Rav), 
10, 


Croll205Ns 5-Nitro-3-acetylaminoveratrole (Gipson, SIMONSEN, and Rav), 
6. 


Acetyl] derivative of 6-nitroveratrylamine (JonEs and Rosinson), 914. 
CyoH,,0,N,. 4:5-Dinitrocatechol diethyl ether (G. M. and R. Rosrnson), 
933. 


C,oH,,0.N, p-Nitroso-n-butylanilinenitrosoamine (REILLY and HIckIN- 
BOTTOM), 1032. 

CioH,,0,N 3-Acetylaminoveratrole (Gisson, Srmonsen, and Rav), 80. 

C,oH,,ON, p-Nitroso-n-butylaniline, and its hydrochloride (Reity and 
HIcKINBOTTOM), 1030. 0 IV 


C,.H,,0;NS N-Methylveratric-6-sulphinide (Brown and Rosrnson), 956. 
CioH;,0,NBr 6-Bromoacetoveratrylamide (Jongs and Ropinson), 912. 


C,, Group. 

C,,H,.0, Ethylcarbonatovanillin (Lapworth and Wyxgs), 792. 

C,,H;.0, 3:4:6-Trimethoxy-2:5-quinoacetophenone (NIERENSTEIN), 8. 

C,,H,,0, Zingerone (Nomura), 769; (Lapwortn, PEArson, and Royieg), 785 ; 
(LaPpwortH and WyYKgEs), 792. 

C,,H,,0; Hydroxytrimethoxyacetophenones (NIERENSTEIN), 8. 

C,,H,,0, 2:5-Dihydroxy-3:4:6-trimethoxyacetophenone (NIERENSTE!IN), 8. 

2:3:4:6-Tetramethoxybenzoic acid (NIERENSTEIN), 6. 

CuH20 Methyl nonyl ketone, preparation of, from palm kernel oil (SALWAy), 

407. 


11 III 
C,,N,0,Cl 6-Chloro-3:4-methylenedioxystyryl methyl ketone (Okr, 
Rosrnson, and WILLIAMs), 948. 
C,,H,.0,N, 6-Nitro-2-acetylamino-3:4-dimethoxybenzoic acid, and its 
silver salt (Gipson, SIMONSEN, and Rav), 74. 
C,,H,,0,Cl 2:3:4:6-Tetramethoxybenzoyl chloride (NrzRENSTEIN), 6. 


11 IV 
C,,H,0;NC1 3-Chloro-5-diacetylaminosalicylic acid (MgLpoLa, Foster, 
and BRIGHTMAN), 542. 
1143 


12 II—14 III FORMULA INDEX. 


C,, Group. 
C.2H,,0; Begertstngencee (Nomura), 772; (LapworrH, Pearson, and 
YLR), 
C,.H,,0, Tetramethoxyacetophenone (NIERENSTEIN), 7. 
C,,H,,0, Methyl 2:3:4:6-tetramethoxybenzoate (NIERENSTEIN), 6. 
C,.H,.0, Caramelan, preparation and constitution of (CUNNINGHAM and 
REE), 593. 
C,.H..0,, Sucrose, effect of methyl acetate on the inversion of (Grirrirn, 
MBLE, and LEwis), 390. 
12 Il 


C,2H,0,,N, 2:4:6:3’:5’-Pentanitro-4’-hydroxydiphenylamine (MELDoLA, 
Foster, and BricHTMAN), 550. : 

C,.H,O,N, 2:4:?-Trinitro-4’-hydroxydiphenylamine (Me.po.a, Foster, 
and BRIGHTMAN), 548. 

Substance, from 2:4:6-trinitro-4’-hydroxydiphenylamine and nitric acid (MEL- 

DOLA, Foster, and BrRicgHTMAN), 550. 

C,,.H,O,N; 2:4-Dinitro-4’-hydroxydiphenylamine (MELpoLA, FosTer, and 
BRiGHTMAN), 547. 

C,.zH,,0O,N Ethyl a-cyanocaffeate (LapwortH and Wy«kgs), 798. 

CiH,00Ns 4:5-Dinitro-3-diacetylaminoveratrole (Grsson, SIMONSEN, and 

), 79. 

C,.H,,0,,N, Caramelan tetranitrate (CunNiINGHAM and Dor#e), 595. 

C,.H,,0,N Methylzingeroneoxime (Nomura), 773; (LApwortrH, PEARSON, 
and Royse), 786. 


C,; Group. 
C,;H,,0, 3:6:3’:6’-Tetrahydroxydiphenylmethane, preparation of (GnosH 
and Watson), 825. 
C,;H,,0, Acetylzingerone (Nomura), 772. 
C,;H,,0, Ethylzingerone (Nomura), 773. 


13 Ill 
C,,H,ON, Benzoyl-p-phenylenediazoimide (Morcan and Upton), 195. 
C,3H,,0,N, p-Nitrobenzylisopicramic acid (MeLpoLa, Foster, and Bricut- 
MAN), 553 
C,;H,,0;N;  2:4-Dinitro-4’-hydroxydiphenylmethylamine (MELDoLA, 
Foster, and BRIGHTMAN), 549. 
C,;H,,0,N Ethyl vanillylidenecyanoacetate (LAaPpworTH and Wykgs), 796. 
C,;H,,0.N 8-Diethylamino-8’-phenoxyisopropyl alcohol and its hydro- 
chloride (PyMAN), 170. 


C,,.H,S Benzyl sulphide, compound of ferric chloride with (Forster, Coorsr, 
and YARROW), 809. 

C,,H,.0, Ethylearbonatozingerone (Lapwortn, Pearson, and Roy.e), 
785 ; (LAPWoRTH and WyKgs), 794. 

14 III 
C,,H,O,.N; 2:4:?:?-Tetranitro-4’-hydroxyacetyldiphenylamine (MELDOLA, 
‘OSTER, and BRIGHTMAN), 549. 

CyuH, ON,  2:4:?-Trinitro-4’-hydroxyacetyldiphenylamine (MeEtpo.a, 
Foster, and BrRIGHTMAN), 548. 

CyuH»O.N, 4:5:4’:5’-Dimethylenetetraoxyazobenzene (Rosrnson), 113. 

Cy.H,O,N, Acetyl derivative of 2:4-dinitro-4’-hydroxydiphenylamin 
(MxE.poLa, Foster, and BRIGHTMAN), 548. 
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C,,H,,0,N,; Dinitroanilinoveratrole (HinpMarsH, Knicut, and Rostnson), 
944, 


Cy4HyO.N. Phenylhydrazone of 2:3:4:6-tetrahydroxyacetophenone 
(NIERENSTEIN), 7. 

C.4H»O.N, 8-Diethylaminoethyl p-nitrophenylacetate, and its salts 
(PymMan), 169. 

C,,H,,0,N, 8-Diethylaminoethyl p-aminophenylacetate (Pyman), 170. 


14 IV 
C,,.H,,0,NCl1 Chlorobenzylaminosalicylic acid (MgLpoua, Foster, and 
BRIGHTMAN), 544. 


Cis Group. 
C,sH,.0, Hydroxyquercetin, synthesis of (NizRENSTEIN), 4. 
CisH.0,9 2:3:4:6-Tetra-acetoxybenzoic acid (NIERENSTEIN), 6. 


15 Ill 

C,,H,O,N, 2-Nitro-4:5:4’:5’-dimethylenetetraoxyazoxybenzene-2’-carb- 
oxylic acid (Ropinson), 119. 

C,;H,O,N, Substance, from trinitroacetylaminophenol and aminosalicylic acid 
(MELDOLA, Foster, and BRIGHTMAN), 538. 

C,,H,.0;Br, 5-Bromo-2-methoxyphenyl carbonate (HinpMaRsH, KNicHrT, 
and Roprnson), 941. 

C,;H,,0;,N Nitro-2-ethoxyphenyl benzoates (G. M. and R. Rosinson), 
933. 


C,;H,,0,N, p-Nitrobenzoyl-p-phenetidine (Pyman), 172. 
Cis OeNs, 5-Nitro-3-benzoylaminoveratrole (Gipson, SimonsEN, and 
AU), 76 

C,;H,,0,N, 3:5-Dinitro-2:4-diamino-8-benzoyloxyethoxybenzene (G. M. 
and R. Rosrnson), 937. 

C,,H,,0,N 3-Benzoylaminoveratrole (Gipson, SIMONSEN, and Rav), 80. 

C,;H,,0,N; Dinitro-p-toluidinoveratrole (HinpmMarsH, Kwyicur, and 
Rosinson), 946. 

C,;H,,0,.N, p-Aminobenzoyl-p-phenetidine (Pyman), 172. 


C,. Group. 


C,.H,,0, 7- and meso-Diphenylsuccinic acids, interconversion of esters of 
(WREN and Sriiz), 1019. 
16 III 


C,sH,O.N, \Lactone of 3-hydroxy-5:6:4’:5’-dimethylenetetraoxy-2- 
phenylindole-2’-carboxylic acid (Rosrnson), 118. 

CisH,O,N, 2:3:6:7-Dimethylenetetraoxyanthraquinonedi-imide (BRowNn 
and Roprnson), 957. 

C,.H,.0,N, Azoxypiperonal (Rosrnson), 117. 

C,<H,.0;N, p-Hydroxybenzeneazodihydroxynaphthalenes (GuosH and 
Watson), 823. : 

C,eH,,0,.N, Substance, from nitration of C,H,ON (Guosu), 611. 

C,<H,,ON; o-Aminobenzeneazo-a-naphthol (GHosH and Warson), 824. 

p-Hydroxybenzeneazo-8-naphthylamine, and its hydrochloride (GHosH 

and Watson), 824. 

C,.H,;0;N p-Nitroacetylbenzoin, reactions of (FRANcTS), 1041. 

C,.H,;0,N, Phenylazonitromeconin (Mitrer and Sen), 992. 

C,«H,;0;N; Diacety] derivative of 2:4-dinitro-4’-hydroxydiphenylamine 
(MeLpoLa, Foster, and BrigHrMAN), 547. 

C,«H,,0,N, Phenylopiazone (MitreR and SEN), 992. 
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C,.H,,0,N, Phenylazomeconin (Mirrer and Sen), 991. 

CieHy0.N, Substance, from phenylhydrazine and opianic acid (MirreR and 
EN), 991. 

C,.H,,0,N, 6:6’-Dinitroazoxyveratrole (Roprnson), 116. 

C,.H,,0,N, 6-Nitroazoxyveratrole (Ropinson), 115. 

C,.H,,0;N, Azoxyveratrole (Rosrnson), 114. 


16 IV 

C,,H,,ONBr Benzoylacetone-p-bromoanilide (Turner), 3. 

C,.H,,.0,.N,S 6-Nitroveratryl-4:5-thiotriazoveratrole (Jonzs and 
Roprinson), 925. 

C,,H,,0,N,Br 6-Bromoazoxyveratrole (Ropinson), 115. 

C,,H,,0,N,S 6-Aminoveratryl-4:5-thiotriazoveratrole (Jones and 
Rosrnson), 925. 

Cio 0.N.S, Substance, from benzyl sulphate and thiocarbamide (Taytor), 


C,, Group. 


C,,H,, ON; Benzoyl-1:4-naphthylenediazoimide (Morcan and Uproy), 
196. 


C,,H,.0,N, 4-Hydroxy-3-carboxybenzeneazo-8-naphthol (Mretpo.a, Fos- 
TER, and BriGHTMAN), 538. 

C,,H,,0,N, 4:5-Dinitro-2-hydroxy-l-methoxy-3-azo-8-naphthol (Grsson, 
SrmonsEN, and Rav), 82. 

CrrH,0.Ns Formy]-8-aminobenzeneazo-8-naphthol (MorGan and Upron), 
193. 4 


C,,H,,0,N, 8-p-Nitrobenzoyl-1-methyl-1:2:3:4-tetrahydroguinoline 
(PymMAn), 171. 

CrHsrO.N 8-Benzoyloxy-l-methy]-1:2:3:4-tetrahydroquinoline (Pyman), 
171. 


C,,H.ON d-and l-Phenylbenzylmethylallylammonium hydroxide, 
salts of, with bromocamphorsulphonic acids (REILLY), 20. 
C,,H,,0,N Cocaine, compound of mercuric nitrite and (RAy), 509. 
17 IV 
C,-H,,0,N,Cl 5-Chloro-4-hydroxy-3-carboxy benzeneazo-8-naphthol 
(MeLpo.a, Foster, and BrighTMAN), 543. 


Cis Group. 


CisH 20 Substance, from anthraquinone ‘and acetaldehyde-ammonia (GHosn), 
11. 


C,.H,;,.0, Benzoylzingerone (Nomura), 771. 
18 III 
C,.H,,0,N, Azoxyveratraldehyde (Rosrnson), 121. 
C,,H,,0,N Codeine, compound of mercuric nitrite and (RAy), 508. 
18 IV 
C,sH,0,N,S, Substance, from benzyl oxalate and thiocarbamide (TAYLOR), 661. 


C,, Group. 
C,.H,,0, Trihydroxyaurin (GHosH and Watson), 826. 


C,H,,0, Trihydroxy-9-o-p-dihydroxyphenyl-6-fluorones (GuosH and 
Watson), 828. 


19 Ill 
C,9H,,0,Cl, Di-6-chloromethylenedioxystyryl ketone (Orr, RoBrnson, 
and WILLIAMs), 948. 
C,,H.,ON, Cinchonidine, compound of mercuric nitrite and (RAy), 508. 
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FORMULA INDEX. 20 II—23 III 


CyH.0, 2-Hydroxy-3:4:6-trimethoxyphenyl 3:4-dimethoxystyryl ke- 
tone (NIERENSTEIN), 8. 
5:7:8:3':4’-Pentamethoxyflavanone (NIERENSTEIN), 9. 
CH.sN, Diphenyldi-n-butyltetrazone (REILLY and Hicktnsurrom), 1030. 


20 Ill 
CioH,OuN Dibenzcyl derivative of nitrocatechol (G. M. and R. Rosinson), 
35. 


C»H,,ON Benzoylacetone-a- and -8-naphthalides (Turner), 3. 
CooH,,0,N 3-iso Nitroso-5:7:8:3’:4’-pentamethoxyflavanone (NrEREN- 
STEIN), 9. 
C.,H,,0,N, Quinidine, compound of mercuric nitrite and (RAy), 507. 
Quinine, compound of mercuric nitrite and (RAy), 507. 
C.oH,,0,N 8-Diet hylamino-8’-phenoxyisopropylbenzoate, and its salts 
(PyMAN), 170. 


20 IV 
CioHss0.N,Br, Dibromotetramethoxyindigotins (Jongs and Rostnson), 
921, 924. 
C., Group. 


C.,H,.0,N, 1:2-Methylenedioxyphenanthraphenazine (Jones and 
Rosinson), 927. e 

C.,H,,0;N p-Nitrobenzoylbenzoin, constitution and hydrolysis of (Francis), 
1043. 


C.,H,,0,N, Cyanodihydroberberine (G. M. and R. Rosrnson), 966. 

C.,H,,0,N 5-Dibenzylaminosalicylic acid (Menpota, Foster, and 
BRIGHTMAN), 537. 

C.,H,.0,N, Anhydroberberinenitromethane (G. M. and R. Rosrnson), 
968. 


C,,H,,0;N Methoxydihydroberberine (G. M. and R. Rosrnson), 967. 
C.,H,.0,N, Strychnine, compound of mercuric nitrite and (RAy), 508. 
21 IV 


C,,H,,0.N,Cl 4-Chloro-1:2-methylenedioxyphenanthraphenazine 
(Orr, RoBinson, and WILLIAMs), 951. 


C.. Group. 
C..H.,0, 2-Acetoxy-3:4:6-trimethoxyphenyl 3:4-dimethoxystyryl ke- 
tone (NIERENSTEIN), 9. 
22 Ill 


C..H,,0.N, 2:3-Ethylenedioxyphenanthraphenazine (G. M. and R. 
Rosinson), 935. 

C..H.,0,N 2-Carboxy-4-dibenzylmethylammonium-l-benzoquinone 
(MELDOLA, Foster, and BrigHTMAn), 588. 

C»HaNS Tribenzylsulphinium cyanide, and its salts (Forster, Cooper, 
and Yarrow), 813. 

C..H,,0,N Narcotine, compound of mercuric nitrite and (RAy), 508. 

22 IV 

C..H,,0.N.Br 4-Bromo-1:2-dimethoxyphenanthraphenazine (Jongs and 

RosBInson), 928. 
C.; Group. 


C.3H,,0;,N, Trimethoxyphenanthraphenazines (Jonzs and Rostnson), 
928. ; 
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23 III—30 IV FORMULA INDEX. 


C.3H,,0.N, 3-Dimethylamino-9-p-hydroxypheny]-6-di i 
™ (GHosn and Wie 827. wor sl onismenaiemameneyee 
C,;H,,0,N, 3-Dimethylamino-9-o-p-dihydroxyp heny]-6-dimethy]fluor- 
ime (GHosH and Warson), 827. 
C,,H,,ON, 4-Hydroxymalachite-green (GuosH and Watson), 826. 
CrsHu0,N, 2:4-Dihydroxymalachite-green (Guosn and Watson), 826. 
3:6-Tetramethyldiamino-9-p-hydroxyphenylxanthene (GHosH and 


Watson), 827. 
C.sH,.0,N, Brucine, compound of mercuric nitrite and (RAy), 509. 
C., Group. 
Cy4H.0,, Caramelin (CunnincHAM and Dor#se), 602. 
24 III 


CuHO.N, 2:3-Diethoxy phenanthraphenazine (G. M. and R. Rosrson), 
34. 


C,,H,,0,N Dipiperonylidenetropinone (Rosrinson), 765. 


C,, Group. 
C..H,0, Tetraphenylmethane-o-carboxylic acid, and its salts (Cop1- 
SAkOW), 17. 
C..H,.0, Menthyl hydrogen diphenylsuccinates (WREN and Srixt), 521. 
C.,; Group. 


C..H,,0;N. 3:4-Di-p-nitrotetraphenylfuran (Francis), 1039. 
C,.H,.0,N, Azoxypiperonal diphenylhydrazone (Rosrnson), 118. 
C,.H,,0,N Anhydroberberineacetophenone (G. M. and R. Rozrnson), 968. 


C., Group. 
C,,H;.0,N, Emetamine, and its salts (Pyman), 442. 
C..H;,0,N, Methylpsychotrine, and its salts (Pyman), 431. 


C,, Group. 
CyH; Spinacene (CHAPMAN), 56. 
30 Il 
C,H.,N, Hydrazone of substance, 0,,H,,0, (GHosn), 612. 
CyHsBr,, Spinacene dodecabromide (CHAPMAN), 63. 


30 Ill 
CyH.0,N, Benzoyl derivative of 3-dimethylam ino-9-0-p-dihydroxy- 
phenyl-6-dimethylfluorime (GHosH and WaTson), 28. 
CyoH,,0,N, Benzoyl derivative of 3:6-tetramethyldiamino-9-p-hydroxy- 
phenylxanthene (GuosH and Watson), 827. 
CsoH.,0,.N, “Substance, from caramelan and phenylhydrazine (CUNNINGHAM 
and Dor&eE), 597. 
CsoH,,0:;N, Substance, from caramelan and phenylhydrazine (CUNNINGHAM and 
Dorte), 597. 
CyoH0,N, Methylemetine, and its salts (Pyman), 444. 
CsoH0,,.N, Spinacene nitrosate (CHAPMAN), 67. 
30 IV 
CsoH,0,N,Cl, Spinacene trinitrosochloride (CHapman), 64. 
CsoH»O.N,Cl, Spinacene hexanitrosochloride (CHAPMAN), 66. 
1148 


FORMULA INDEX. $2 IlI—51 Ill 


C.. Group. 
C;.H.,0,N, Dibenzoylisopropyliderebenzidine (TurnEr), 4. 
C,.Hy0,N, Methylemetinemethine, and its salts (PymMAn), 445. 


C,; Group. 
Cz;H.0,, 2:3:4:6-Tetrabenzoyloxybenzoic acid (NIERENSTEIN), 6. 
35 IV 
C,;H.0,N,Cl, Spinacene dinitrosochloride nitrolpiperidide (CHap- 
MAN), 65. 
Cs65H,.0, Dimethyl diphenylsuccinates (WREN and STILL), 520. 
36 III 


C,.H,,0;N, Benzoylmethylpsychotrine (Pyman), 436. 
C;,H,,0;N, Benzoylisoemetine (PymAN), 439. 


C;, Group: 


C;,H,,0.N; Substance, from caramelan and semicarbazide (CUNNINGHAM and 
Dork), 598. 
37 IV 


C;,H;,0,N,Cl, Spinacene dinitrosochloride nitrobenzylamide (CHap- 
MAN), 66. 


C,. Group. 


CyoH;,0,, Caramelan tetrabenzoate (CUNNINGHAM and Dor&e), 595. 


C,; Group. 


C,sHyO,N, Spinacene trinitrolpiperidide (CHapman), 65. 


C;, Group. 


C;,H,,0,N, Spinacene trinitrolbenzylamide (CHAapman), 66, 


1149 


ERRATA. 


Vou. ITI. (Trans., 1917). 


Page Line 
17 - for Pe cm { anon ” read ‘‘diphenylphthalide. m: 
42 » “hydroyl” read “hydroxyl.” 
68 **OssHsg” read ** CypH yo.” 
““HgNO, SHgNO, ” “ HgNO, HgNO, 
| l 
104 S‘S‘HgNO, read —S—————S‘S‘HgNO, 
I ! ! I 


” 


107 “Hg = 6°14” read “* Hg = 69°14.” 

168 ‘**devoid of local anesthetic properties (compare 8. Friinkel, ‘ Die 
Arzneimittel- Synthese,’ 1912, p. 349), but” read ‘‘ having local 
anesthetic properties in a lesser degree (Ehrlich and Einhorn, 
Ber., 1894, 27, 1870), and.” 

“‘water” read ‘‘ oxygen.” 


“(coBHs)o1" read (co6) ” 
2 


l 
“CH,C = C-00” read “CH,°C = 0'CO” 
\Ld 
S/ 
HigCl HgCl 


read the percentages 4 primary amine at the foot of Fig. 2 in reverse 


order, i.e, * "2.468463, 1,8" 
Sor ‘‘s-Alk yithiocarbamides ” read ‘‘ S-Alkylthiocarbamides.” 


» “Cy HyONyS.” read ‘‘C,H,,0,N,S8,.” 
**CH:CAc:CO,Et ” **CH:CAc’CO,Et.” 


ov 
( OMe 


OH 
“*CyoH,;0,N,” read ** Cool sO.Ns 


“Meo’ \CHO” |, | Meo” on 
MeO\ )Me Meo )Br 


07 \NO of NNO, . 
oH <o (NH read OH<ol NE 


‘* displaement ” read ‘‘ displacement.” 


** nentasulphate” read ** pentasulphide. 1 
ry “*156°3 qu" read “ 156°3 wy.” 


” 


* From bottom. 


